f : i Ematt Heats a : ; see leis) sia i ; 


t3t 
} : 5 ‘i 
ESE IT Be “2! ¢ : ; ; { ¢ ; 7 


TE Breer be Spite LE Tt 
ae 


spree ate! 
steve 


ait 


et Estee 


sats 1it ‘ enemas 3 Soestre oa stabi 
, ie ey IETS TH baw Hi Sa eiL tit Ranneteet > { ; raat 
ait dHrerenneenetine : a ia 
Werner tt oceania tA t ‘ : : : 
seh : 


ei 


eanery 


ssttits 
§ 3 py 
ft 


+ ; : : : : 
Srv ht my! : , i 
i “ z : % oie 
“ition te ; i 
. : a i 

Rh aa i { sheet iis ‘ : 
2; i | ; 


it 


iets 
eat 
ites 





THE UNIVERSITY 
OF ILLINOIS 
LIBRARY 

b30.1 
N4&B ap 

| 

Cop ite 


Cite 
Clay i 

. AG % i 
MR HE 


f 
abe 


Th 








ee ee 
ie oe ae 





= ee 
Sa oe =. ae 
SS = > 
Je eA 
——— = on 












i ieee ve) i ye |S 
aa aea ae 
: ion * ai 
7a nie 
yy alt § / 
2} 
pili 
ae . 
AS 1 s wit) ; . 
i *! a or ’ top | 
v7! fae % : se : i oan? 
wy a i| i t i: 
Plate @ oh, » Sd at rte | hay oe a a 
i, | ay ay MG aia 
eee, af pee) a Aap 1 Tis Oe 
. ; i 
an) 
a 
° ' 7 
wy) haley A ’ al > 
yak aL hy 
, iy Pink 9 y Mee ee 
ry 4 
' 4 a 
; 7 
i 4 ‘i ahs oe A ; 5 
4 } 4 \ % 7 io. ¢ i 
a J a 
i Jt Se | 
(tr , ey : ' ; ) 
y ‘ Ai - 
J ¢ 
; A 'T? 
Pu 
yf ay ti ry i 
, f 
1 
¥ + 
t 
+ - 4 
4 ice ' f +, 
ie Be a. | Mn) a ™ f ; 
nity, Maree RRR IE FANUARY fos! ae 
a (e0.F ; er Pian de any a 
hake. ‘ [ +P 
a = i} 
, 
a 
APRS A 
Rh 





a 
— 


jae 
A 





Re my oe 
— 


- 
ui. 
a 
"¢ 
- 
pe 





State of New York—Department of Agriculture 





‘Twenty-Sevento Annual Report 


OF THE 


PIN) eG) Pa GC @iNe Te RG) 1. 


OF THE 


NEW YORK 
Agricultural Experiment Station 


(GENEVA, ONTARIO COUNTY) 


FOR THE YEAR 1908 


With Reports of Director and Other Officers 


theNoMIiTTED TO THE LEGISLATURE JANUARY 15, 1909 


ALBANY 
J.B. LYON COMPANY, STATE PRINTERS 
1909 








Par 
<i ee anes 


Rice ur 


cm 
ae ve oe ie 2 
ee Gee 20 VA AMELE seth) 


i} * A 
ae \ yp a 





STATB OF NEw YorK 





No. 29. 





22Ap 1 


JANUARY I5, 1909. 


TWENTY-SEVENTH ANNUAL REPORT 
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BOARD OF CONTROL OF THE NEW YORK AGRI- 
CULTURAL EXPERIMENT STATION 


STATE OF NEW YORK: 
DEPARTMENT OF AGRICULTURE, 


ALBANY, January 15, 1909. 
To the Assembly of the State of New York: 

I have the honor to submit herewith the Twenty-seventh Annual 
Report of the Director and Board of Managers of the New York 
Agricultural Experiment Station at Geneva, N. Y., in pursuance of 
the provisions of the Agricultural Law. 

I am, respectfully yours, 
R.A, PEARSON, 


Commissioner of Agriculture. 
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NEWeyYORK AGRICULTURAL. EXPERIMENT STATION, 
W. H. Jorpan, Direcior. 


GENEVA, N. Y., January 12, 1909: 
Hon. CHARLES A. WIETING, Commissioner of Agriculture, Albany, 
IN oe ae 
DEAR Sir.—I have the honor to transmit herewith the report of 
the Director of the New York Agricultural Experiment Station for 


the year 1908. 
Yours respectfully, 


in BaWiAESON: 
President Board of Control. 
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BOARD OF CONTROL. 


GOVERNOR CHARLES E. Hucues, Albany. 
COMMISSIONER RAYMOND A. PEARSON, Albany. 
STEPHEN H. Hammonp, Geneva. 

Lyman P. HAVILAND, Camden, 

EpcAr G. DUSENBURY, Portville. 


TuHomAS B. WILSON, 


Halls Corners. 


IrviING Rouse, Rochester. 
ALFRED G. Lewis, Geneva. 
1 Wiis G. JoHnson, New York. 
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THOMAS B. WILSON, 
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WILLIAM O’HANLON, 


Secretary and Treasurer. 
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STEPHEN H. HAMMOND, 


LyMAN P. HaAvILanp, 


Tuomas B. WILSsoNn. 


STATION STAFF. 
WHITMAN H. Jorpan, Sc.D.,LL.D., Director. 


GrorcE W. CHURCHILL, 
Agriculturist and Superin- 
tendent of Labor. 
WILLIAM P. WHEELER, 
First Assistant ‘(Animal 
Industry). 
Frep C. STEWART, M.S., 
Botanist. 
G. TaLBot FRENCH, B.S., 
JOHN G. GROSSENBACHER, Pp.B., A.B., 
Assistant Botanists. 
Lucius L. VAN SLYKE, PH.D., 
Chemist. 
ALFRED W. BoswortH, B.S., 
Ernest L. Baker, B.S., 
Associate Chemists. 
ARTHUR W. Crark, B.S., 
ANTON R. Ross, B.S., 
Morcan P. SWEENEY, A.M.,, 
JAMES T. Cusick, B. Sy 
Otto McCreary, B. oe 
Assistant Chemists. 
Harry A. Haropine, M.S., 
Bacteriologist. 
MartTIn J. PrucHA, PuH.B., 
JAMES WILSsoN, B. ce 
Assistant Bacteriologists. 
GrorcE A. SMITH, 


FRANK H. Hatt, B.S., 
Editor and Librarian. 
PERCIVAL J. PArrott, M.A., 
Entomologist. 
Haroitp E. Hopexiss, B.S., 
Wi11AM J. ScHOoENE, B.Aar., 
Assistant Entomologists. 
Uxysses P. Heprick, M.S., 
Horticulturist. 
2 NATHANIEL O. Bootu, B.Aar., 
RICHARD WELLINGTON, B.S., 
MAXWELL J. Dorsey, B.S., 
3Wmn. H. ALDERMAN, B.S.AGcR., 
Assistant Horticulturists. 
Orrin M. TaAytor, 
Foreman in Horticulture. 
4F, Atwoop Sirrine, M.S., 
Special Agent. 
5 JENNIE TERWILLIGER, 
Director’s Secretary. 
FRANK E. NEwTOoNn, 
WILLARD F. PATCHIN, 
© Cora A. WHITAKER, 
Clerks and S tenographers. 
ApIn H. Horton, 
Computer ‘and Mailing Clerk. 
Jutta EH. Hoey, Junior Clerk. 


Dairy Expert,” 


Address all correspondence, not to individual members of the staff, but to 
the New York AGRICULTURAL EXPERIMENT STATION, GENEVA, N. Y. 
The Bulletins published by the Station will be sent free to any farmer 


applying for them. 


1 Died March 11. 
2 Resigned Nov. 15. 
3 Appointed Aug. 13. 


4 Riverhead, N. Y. 
5 Absent on leave after Oct. 15. 
6 Appointed Dec. 1. 
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‘TL wWENTY-SEVENTH ANNUAL REPORT 


OF THE 


Board of Control of the New York Agricultural 
Experiment Station. 


TREASURER’S REPORT. 


GENEVA, N. Y., October 1, 1908. 
To the Board of Control of the New York Agricultural Experiment 
Station : 
As Treasurer of the Board of Control, I respectfully submit the 
following report for the fiscal year ending September 30, 1908: 


MAINTENANCE FuND — NECESSARY EXPENSE. 


APPROPRIATION 1907-1908. 


Receipts. 

IQO7. Dr. 
Brememeiee to balance on hand. ..:. 2. oie ent nie emery $25 89 
To amount received from Comptroller... 20,000 OO 
$20,025 89 

Expenditures. Cr. 
isvabuilding and: repairsa.ath.. hb. Feat. $813 22 
PCIe iCal SEU PHOS. oii eos epee ets ase 698 21 
Pevercna tin Pelion etiseS 4c. ates hans os 3,049 81 
PoeMEL ERK NS SUM ue, ints xara ey Hl «os 1,141 80 
[2b iter PU REA Se eae en ee ae 102 53 


Pvancero nt Aiiieem OTeSS.. lates sieiccede cit ys" 578 06 


By furniture and fixtures 


By 
By 
By 
By 
By 
By 
By 
By 
By 
By 
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heatieht and wateneeermect<.te. ty see 
1aDO ier. 
library . . 
live Stock... 0 eee een cece 
postage and. Stationety ee yo: see 
publications .. 
scientific apparatus . . 
seeds, plants and sundry supplies..... 
tools, implements and machinery..... 
traveling expenses . 


oeeeeeee eee ee wo we ee ee eee ee ow 


o @ 6S ‘OR ore (CCS Fee Te) 8 Se Vee 6 ‘oe: "0 lore ele: 


Balance, Octobero1 1005 ieee ne eee 


$626 41 
517 67 
I4 12 
1,089 90 
16 50 
1,509 15 
3,506 27 
63 83 
3,060 38 
619 82 
1,924 33 
93 88 


$20,025 89 


GENERAL EXPENSE — HEAT, LIGHT, WATER, APPARATUS, REPAIRS, 


1907. 


Oct: 


Erc, 


Receipts. 


1," To-balanceron hands. <-. 22 eee 
To amount received from Comptroller.... 


By 
By 
By 
By 
By 
By 
By 


Expenditures. 


buildingsvandmrepairs: a.s/a.nceeeee 


continpent expenses); 4.74 eee 
freight-andtexptees:. 12.) 1 ree 
heatlichteand \watetins. ee ee 
Screntinic apparatilscs sie’ c ee ee eee ee 
seeds, plants and sundry supplies..... 
tools, implements and machinery..... 


Balance, Octoper” 1,1 Q0Gae. iw .% <1 eee 


Dr. 


$35 56 
4,000 OO 


$4,035 66 





Gr 
$1,437 95 
103 60 
474 41 
T,455 31 
24 00 
6 79 
238 65 
204 95 


$4,035 66 





1907. 
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SPECIAL FUND — HorTICULTURAL INVESTIGATIONS. 


Receipts. 


Premero Dalatice on hand... ........00ees ons 


1907. 


CL ered. 


To amount received from Comptroller... 


Expenditures. 


ECOUUNVCHLRCKDESCS (ae < ce eemtey fn: 
[EOP ESPEN A Sa el 
PMCeC PINUS EXPILESS 5 ats as oe os we 
EAL Vea Aste oi fate oie Sa Ee 
bye postaresand, stationery: ..2.........- 
DO VROLOIGAL LON Sera ae oF iy ese tan bBo a, 
ing TSE ba (ater "os Rae on ee 
By seeds, plants and sundry supplies..... 
Veet et eX PCUSCGMPEI on oes t's s we aye 
Balance, October 1, 1908.............-- 


SALARIES. 
Receipts. 


fioenalanceron hand. tse pe sins ates ees 
To amount received from Comptroller.... 


Expenditures. 


Ey ecalAtiCS. seer cso. Jaa eagr us “aie st 
Balances October. 190c brian , tarnaaiet): 


Dr. 
$0 51 


8,000 00 


$8,000 51 


Gr 
$646 52 
157 76 


IZ 20 

I 20 
376 73 
5,670 04 
67 48 
985 40 
82 09 


$8,000 51 


Dr. 


$1,900 33 
28,000 OC 


$29,900 33 


————— 


Gr. 


$29,318 35 
581 98 


$29,900 33 


SS ee 


1907. 


Oct gat: 


1907. 


oct 7, 
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LABOR. 


Receipts. 


Lo balance on hand .ic pepe eee. ate 
To amount received from Comptroller... 


Expenditures. 
BV. labOr, s,s s0s ghia ees aan ee er re ee 
balance, Octobermi, @OGcna a. aren eens 


FERTILIZER INSPECTION. 


Receipts. 


To balance‘on hand... . &. PP ee 
To amount received from Comptroller.... 


Expenditures. 
By chemitalystppliess se aeaae «.: eee 
By contingenivexpemees: . amr las ee 
By ‘freightand 6x oness*. 4.9). eae ee 
By sheatlightandi wate yaa eee 
Byopostazes and: Stationers \aer. cae er cae 
Bis Piblications sage daceeie sage hal are 
PSY SAAT eG sila ete cent esa aclauhle oS 
Dy SCIeuCHiCurDIiballls <2 aie... sa. a eae 
By seeds, plants and sundry supplies..... 
Py otraveline eX Penses; (2004: ..:..\ Ga 
Balance, October’ 1,-1l9087eae.* .... / ae 


Dr. 


$1,176 45 
13,000 OO 


14,176 45 


Cr. 


$13,884 85 
291 60 


$14,176 45 


Dy. 


° $7,249 25 
7,000 OO 


$14,249 25 


Gr. 
$1,287 28 
50 
33 31 
400 00 


1,02I 82 
7,375 40 
Q7 22 
31 40 
50 26 
3,951: 75 


$14,249 25 
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CONCENTRATED FEEDING STUFFS INSPECTION. 


1907. 
mct et. Lo 
To 


de) 


By 


1907. 


Receipts. 


PalaUCe OMG, crs 40 Be peeks tol ngt oe 
amount received from Comptroller. ... 


Expenditures. 
Ptemiica mou GOen fon. ee eee seit racks 
BONUMP ENC EX Demseanedien sce es «ess 
PECISIBEANIC CR DLCSS( <)7 hin. acc On Cw t ares 
BeateiChtandawalet irk ees «11 %. neuen 
Peseta OCR ATHUESEAIONEL Vix spc fas «so gee 
PRIDUCALIONS, sees pitta RARER Fc ty 
LEW in RM SB age aR te 
EMAVELINS OREN SCSE . cS aia he 5 + ee 
Dolancem october 1008.0... 5 se ate 


DWELLING HOousEs. 


Receipts, 1907-1908. 


amount received from Comptroller... 


Expenditures. 
IS MAC Sabine’ vl. WePresrisa: sch tes 3eeals 


INSURANCE MONEY. 


Meer +o balance ton hand... siss. Pe aegis Gaon 


1908. 
Vietee 1. by 


Dalaticememeria tii tasers Cte en ae ane a ete 


Dr. 
$609 14 


3,500 OO 


$4,109 14 


—_—$ 





$179 34 











$22 07 
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UNITED STATES APPROPRIATIONS. 
Hatcu Funp. 
Receipts, 1907-1908. Dr 
To receipts from the Treasurer of the 
United States as per appropriation for 


fiscal year ended June 30, 1908, as per 
act of Congress approved March 2, 


kaa Rane rer ae ors) Ge Re oo $1,500 00 
SS 

Expenditures. Cr 
By labor ee eee die Faz erate 3 $700 79 
‘By salaries=." 2505000. ee ae eee 799 21 
$1,500 00 





ADAMS FUND. 


Receipts, 1907-1908. Des 
To receipts from the Treasurer of the 
United States as per appropriation for 


fiscal year ended June 30, 1908........ $900 00 
Expenditures. | Ce, 
By ‘salaries. matetcacss + 5 eee oe $900 00 


‘All expenditures are supported by vouchers approved by the 
Auditing Committee of the Board of Control and have been for- 
ward to the Comptroller of the State of New York. 

- (Signed) W. O'HANLON, 
Treasurer. 


“DIRECTOR'S REPORT FOR 1008.* 


To the Honorable Board of Control of ‘the New York Agricultural 
Experiment Station: 
GENTLEMEN.— I have the honor to submit herewith a report of 
the activities of this institution for the year 1908, together with a 
statement of its condition and needs. 


ADMINISTRATION. 


STATION STAFF. 


It is gratifying to report that the changes in the Station Staff dur- 
ing 1908 were less than for many previous years. In general, con- 
tinuity of service, especially in scientific inquiry, makes for efficiency 
of service. 

Nathaniel O. Booth, for several years Assistant Horticulturist, 
severed his connection with the institution on November 15th. Dur- 
ing the last few years of Mr. Booth’s connection with the institution 
he devoted his time almost wholly to assisting in the preparation of 
the publications known as “ The Apples of New York” and “ The 
Grapes of New York,” in which capacity he rendered highly useful 
service. 

William H. Alderman, B. S. Agr., a graduate of the New York 
State College of Agriculture, was appointed to the position of As- 
sistant Horticulturist and has entered upon his duties. 


MAINTENANCE FUNDS. 


The funds availale for the maintenance of the Station during the 
fiscal year beginning October 1, 1907 were as follows: 


Se i) Reis OP SP eG is ae $28,000 
(LUE? S05 ea fo Se lapels Sl ec ce aaa 13,000 
Expenses of various departments of research.......... 20,000 
General expense, heat, light, water, etc................ 4,000 
Prec Hltifal: inVeStiga Ost anoas efhs coteld cect bce 8,000 
PETZ CIAINSDeCtiOn. te Rie wR: oi, Pak sees kc od ok cha eee 10,000 
eeamicersttits.. ITISpectioriem. © clius des th lcci im estes 3,500 


$86,500 


* A reprint of Bulletin No. 310. 


8 DIRECTOR’S REPORT OF THE 


The Legislature of 1908 appropriated the following sums to the 
uses of the Station for the fiscal year beginning October 1, 1908: 


Salaries’ ou, cfs ch ees « ne 0h Ee ones * $31,000 
LabOrees cai ska os hae es eo Ll a ee 13,000 
Maintenance expenses of departments of research...... 20,000 
Horticultural, investigations. « .:cy eee ee eee 8,000 
General expense, heat, light, water, etc...............+. 4,000 
Fertilizer: inspection, . <Vesned... See een... lane 10,000 
Feeding’. sttttismanspection: ., 2.7). s4 eae pes alee eee 3,500 


$89,500 


At a recent meeting of your Board it was decided, after a fuil 
discussion of the situation, to ask for the following sums with 
which to carry on the work of the Station during the fiscal year 


IQO9Q-10: 


Sa largess 2% cnc euscnide sous ak od oe ase eee $35,000 

LADOT, «.:s: «cas a belt acetate ss 4 sek Gok 7 8 cs ore eee a 15,000 

Expenses of various departments of research.......... 25,000 

General expense, heat, light, water, etc.....0. 0.2.0.9. 4,000 

EGriicultural: investigations. :2202 +s ..7. see eee 8,000 
——- $87,000 

Berulizer : inspection: shies abe tes pene) ed 1 ees 10,000 

Beeding stuffs: Inspechatier ey sk ieee: 5 sis «4 mee 3,500 
13,500 

Extra repairs -(i Sapper Dill) .. cee cs es Pee 2,500 
2,500 


In 1905 your Board asked that $25,000 be added to the mainte- 
nance funds of the Station. The financial committees of the Legis- 
lature did not feel at that time that the resources of the State would 
justify such an increase of appropriation, and additional sums, 
amounting in the aggregate to only $10,000, were granted. In 1908 
an increase of $3,000 was allowed. It is now desired that the in- 
crease originally felt to be necessary shall be fully accomplished. 

There are several reasons why this request is reasonable and in 
accord with the real interests of agriculture. In the first place 
there has been a constant development of the work of the Station, 
due not to any forced growth but to the greatly enlarged relations 
which scientific inquiry and results have come to sustain to practical 
agriculture. More than this, the general increase in the cost of 
living has reacted upon salaries and wages and has greatly increased 
the cost of maintaining an institution. 

In the second place, the support the State is giving to investiga- 
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tion has not kept pace with the aid rendered by the State to other 
efforts in the interest of agriculture, particularly agricultural edu- 
cation in its various forms and the defense and encouragement of 
agriculture through a State Department. The following figures 
make this clear, which refer to appropriations for annual mainte 
nance and not for buildings. 





at A 


State 


Agricultural eA cigt State Agricultural | Agricultural 
societies. Sat Fare Department.| education. |investigation, 
| 
Appropriations 1896.. $5, ,000 $30 , 000 $119,500 $16,000 $58 , 000 
Appropriations 1908.. 250,000 87,650 348 , 260 180 100 76,000 





The sums appropriated to the Station for aiding in the enforce- 
ment of inspection laws should not be regarded as used in the work 
of inquiry. 

It is seen that for the enforcement of agricultural law and the 
encouragement of agriculture in various ways the sum used has 
trebled or more while the amount applied to agricultural education 
has come to be nearly two and one-half times that expended in 
agricultural investigation, increases that are entirely to be com- 
mended. 

In considering these facts some may argue that the sums applied 
in the several directions are in proportion to the needs. Such a 
position can hardly be sustained. The technical work of the agri- 
cultural college and school is utterly dependent upon scientific in- 
quiry and without it modern agricultural education would not have 
been possible. Further progress in our knowledge of the principles 
of agriculture will come, not from the teacher but from the investi- 
gator. Moreover, the administration of law in the interests of 
agriculture finds an indispensable aid in the studies of the labora- 
tory. But more insistent than all else are the present great un- 
solved agricultural problems that are facing us in soil management, 
animal husbandry, fruit production and in the defense of crops 
against pests and untoward conditions. Agricultural practice is 
handicapped not alone by ignorance of what is known but also by 
our limitations of knowledge. We have learned much during the 
past fifty years but we have scarcely begun the solution of many 
of our severest and most important problems. 

The sum for which your Board is asking is no greater, and in 
some cases less, than large states like California, Illinois and Ohio 
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are applying to experiment station work. The extent and complex- 
ity of New York agriculture present needs for inquiry equal to, if 
not greater than, those of any other state. 

When it is realized that the agricultural production of New 
York is worth annually not less than two hundred and fifty millions 
of dollars and that a saving of one per ct. of this sum through 
improved methods or the defense of crops against fungus and in- 
sect pests, would pay the expense of this institution twenty-five 
times over, it is easy to realize the actual economy of promoting 
agricultural knowledge in every possible way. 


STATION PUBLICATIONS. 


The following figures compiled from the mailing lists now on 
file at the Station show how the station publications are being dis- 


tributed : : 
POPULAR BULLETINS. 


Residents of New, Works Siu Pk win oes ee ae ee ee eee 36,055 
Residents. of Gother ~states 5 a ee wees cok age ee 2,641 
Newspapers. i... ilies seve oss beg reine + sss. es ems ote eee 705 
Experiment stations “and” their’ Stalts:. {002 Beas bole eee 1,476 
Miscellaneous.24. 255). WI, Ae els. Sir. Se eee 115 

Total. : < (cs cdaca eee sae alte eects oles <0 cc nanan 41,052 


CoMPLETE BULLETINS. 


Experiment stations game their staffga-c teen ........ ._.e 1,476 
Librariesy scientists, setcan y.ce+ p's vt ieee as « nus oe dia leiden 190 
Boreion ist) <°..: sit. We. ood Ve ie eee eC. tn, ee 274 
Indavidiuals:. fy)j0.'.v . AUR pate oR eas oleteemerione ere W002 1 3,457 
Miscellanéous,:/ +. +s. aspbwe Gus. waves eeetnle,« pace ct mebeebetarecw « 6 an aon ere ee II5 

DOtal ce. ts’, cisco Pee eae oe a cattle 5 ates eh ne ae 5,512 


As the above statement indicates, the Station bulletins are of two 
general kinds, those that give a complete, and somewhat technical, 
account of the investigations or experiments and their results and 
those that present in a form believed to be available to the average 
reader the facts and conclusions that we reach. In every “ popular ” 
bulletin is printed the statement that the “ complete ” form on which 
it is based may be had on request. It is significant that in over 
eleven years those requesting the complete form are considerably 
less than one-tenth of the number of persons to whom the 
“popular ” bulletins are sent. This indicates that the simpler and 
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abbreviated statement of our conclusions meets the needs of the 
great majority of the readers of the bulletins. 

Still more significant is the fact that only one copy of a bulletin 
is distributed in New York for approximately each seven farms. 
If it could be shown that six out of seven farms do not ask for the 
bulletins because they have no practical value, it would be a cause 
for serious reflection on the part of the management of the Station. 
That this is not the explanation is shown by the fact that a minority 
of farmers have sought and used to their profit the information 
that the Station has been able to furnish. It is not the function of 
the Station to issue merely general education literature and sow it 
broadcast over the State. To do this would be to misuse the funds 
assigned to the Station for an entirely different purpose. Fortu- 
nately the distribution of bulletins is not a measure of the Station 
work. Through popular efforts such as farmers’ institutes and ex- 
tension literature and also through the examples set by their more 
progressive neighbors, thousands of farmers are benefited by the 
newer phases of knowledge who pay little direct attention to station 
publications. It is correct to say that only a minority of the 
farmers of the State attend the State Fair or receive instruction 
from the college of Agriculture, nevertheless these institutions are 
exerting strong influence in agricultural affairs. 

Besides bulletins distributed during 1908 the Annual Report for 
1907 has been prepared in three parts: (I) The report of the work 
for 1907 including an index of the first twenty-five reports, (II) the 
Grapes of New York and (III) a review of the work of the Station 
for twenty-five years, including an account of the twenty-fifth anni- 
versary exercises. | 

NEW HOUSES. 


The five dwelling houses so long contemplated and so long needed 
are at last completed and are practically ready for acceptance by 
the State. The method of construction and the quality of work on 
these buildings appear to be most excellent. The efficiency of in- 
spection by the State Architect and the willingness of the con- 
tractors to comply with every reasonable requirement are to be 
commended. 


A BUILDING NEEDED FOR ADMINISTRATIVE AND DEMONSTRATION 
PURPOSES. 

For two years your Board has urged upon the Legislature the 

need of an audience room at the Station combined with space for 

permanent objective illustrations of our work. The time has now 
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come also when the building in which the library and administrative 
offices are now located, formerly a dwelling house, should be de- 
voted wholly or in part to other purposes. The action of your 
Board in deciding to continue your efforts for a building of this 
nature is in accord with the needs of the institution. 

The reasons why such a building should be erected are: 


(1) There is no place at the institution where an audience can be 
assembled, excepting out of doors in the pleasant days of the warm 
season. This is wrong; for the work of the Station stands in such 
relation to educational interests and farm practice that some way of 
assembling audiences on the Station ground and bringing them into 
close range with the Station activities and results should be made 
possible. 

(2) It is extremely desirable that space shall be provided where 
the results of Station work can be illustrated in a concrete form. 
We have many visitors who state that they come to see what the 
Station is doing, not realizing that in the progress of our inquiries 
they can only see a single point in the progress of an experiment 
or investigation, which to the untrained eye may be meaningless. 

Space is needed for the objective display of results that have 
been reached in dairy work, in the study of farm pests, field ex- 
periments and in other directions. Such a exhibit would be es- 
pecially useful and instructive in connection with meetings here of 
horticultural societies and other bodies interested in special lines of 
production. 

(3) The building now used for administrative and library pur- 
poses is needed for other uses. It has come to be necessary to 
arrange for boarding the unmarried members of the staff at some 
point nearer than the city. Rooms are now available on the Station 
grounds, but arrangements for meals near the Station are now 
difficult and uncertain, sometimes impossible. With slight expense 
the building now used for offices and library could be adapted to the 
uses indicated and it would be a much needed convenience. Getting 
a noon lunch a mile or mile and a half away occasions either much 
loss of time or such haste as is equally detrimental to health and 
good work. 

The contemplated building should contain administrative offices, 
space for illustrative work and an audience room. It should have 
not less than 11,000 feet of floor space exclusive of the basement. 


REPAIRS. 


An extra expense for repairs will be necessary during 1909. 
Every building on the grounds, exclusive of the new houses, must 
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be painted, new coverings to roofs must be laid, and the chemical 
laboratory, which has had practically no repairs for seventeen years 
needs considerable not only in the way of interior painting but also 
changes necessary to accommodate our increasing chemical work. 
It is estimated that $2,500 additional will be needed. 


GRADUATE SCHOOL OF AGRICULTURE. 


The Graduate School of Agriculture, for which plans were made 
in 1907, was held at the New York College of Agriculture during 
the month of July. This school was organized not only in the 
interests of teachers in our agricultural colleges but for the benefit 
as well of those who are engaged in agricultural research. The 
faculty was largely made up from the staffs of the agricultural col- 
leges and experiment stations aided by distinguished teachers and 
scientists from outside these sources, and the students consisted 
mostly of the younger men from the same institutions. Six mem- 
bers of the staff of this institution served as teachers and nearly 
every member of the staff attended the school for a portion of the 
time. 


RELATIONS WITH THE NEW YORK COLLEGE OF AGRICULTURE. 


I cannot refrain from expressing my high appreciation of the 
relations in the way of conference and co-operation that now exist 
between this institution and the New York ‘State College of Agri- 
culture. The members of the staffs of the two institutions consult 
one another freely in regard to their work, the facilities of both in- 
stitutions are shared in common, no scientific jealousies exist and 
my personal relations to Director Bailey afford me inspiration anil 
valuable counsel. No less gratifying are the relations that have 
grown up with the State Department of Agriculture through official 
associations and in other ways. The New York State Grange and 
the various special agricultural organizations of the State are a 
direct source of strength to the Station and through their confidence 
and aid emphasize our obligations to render efficient service to the 
agriculture of the State. 


REVIEW OF THE YEAR’S WORK. 


INSPECTION WORK. 


Commercial fertilizers In November, Bulletin No. 204 was dis- 
tributed giving the results of analysis of 630 samples of fertilizers 
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collected by the Commissioner of Agriculture and sent to the Station 
for examination. The conditions under which fertilizer inspection 
is carried on do not seem to be fully understood. The adminis- 
tration of the fertilizer law is entirely in the hands of the Commis- 
sioner of Agriculture. The guarantees are received and filed by 
his office and the licenses are issued by him. Cases of violation 
of the law are referred to the Attorney-General by him. The only 
part taken by the Station in this inspection is the analysis of the 
samples collected and the preparation and printing of the bulletin 
giving the results of the analyses. The brands of goods which the 
various samples represent are not known by the Station officials. — 
These samples are sent to the Station by number, accompanied by 
a statement of the guarantees as found on the bag, but without the 
name either of brand or manufacturer. Nothing is known of what 
is filed in Albany. After the analyses are all completed and re- 
ported to the Commissioner, a statement of the brands and the 
reported analyses is sent back to me for publication as authorized by 
law. Anyone wishing information as to guarantees or analyses pre- 
vious to the publication of the bulletin should apply to the Com- 
missioner of Agriculture and not to the Station, for we are not able 
to give such information until it is received from the Commissioner 
of Agriculture. 

Concentrated commercial feeding stuffs —Bulletin No. 303, pub- 
lished in July, gives the analyses of 297 samples of concentrated 
commercial feeding stuffs, classified as follows: 


CLASSIFICATION OF FEEDING STUFFS ANALYZED IN 1908. 





———OOaaaa™eT ee eTeeoeoeoererererereeeeeeeeeeeaoomeoe=a————eekosaoas 


Number of 
Number of|Number of} samples 


Classification. brands samples materially 

sampled. | analyzed. below 
guarantee. 
Cottonseed meals ei te aneee does eaelet ed on ee ee ia 20 1 
EeAinseed imealsSs cc kc ee poste ees ea eee 11 11 1 
Gluten feeds, 28a te: Ae beac eee 12 12 5 
Corn brans: 00s fac eh cae ee eee 2 2 0 
Dried ‘distillers’ grainsa.c5. «ete ee eee 10 ita 0 
Malt sprotits2)5 ets ees ae ree eee ce ee a) ee 25 26 1 
Dried brewers grains. ck users eo hans ee ee 10 10 0 
Hominy feeds arene eel ere eer nee ee 15 16 0 
Compounded ‘fecds aaa yin? fe tee ee. Se es 96 99 9 
Animal productSttererete ae ees ee ee eee * 35 36 6 
Poultry foods’ tedmineanted) Sac... 4. a. bea ee eee 34 34 1 
Beet-sugar: wastes. G4 icldscus 4a ss See 1 1 0 
Oat Dy=prOGuctst recs. cs als, seta RrIeR, Hi hl eee 2 2 1 
BarievibVveproducteen anh Smee cena e rte eee Fes Bak ae 2 2 0 
Unelassified We yuire. waa tat type ele crime beac noe ee re 13 15 3 
LOLS Stas idsiclicdaie divas eter t.c two Sen ee es 279 297 28 
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The showing for the inspection of 1907-1908 is very much better 
than that from 1906-1907. In the former year 69 samples were 
found to be materially below guarantee, which is practically two and 
one-half times as many as those reported deficient in this bulletin. 

In addition to the analyses required for determining whether the 
composition of the samples corresponds with the guarantees, special 
examinations were made of various compounded feeds to discover 
the nature of the ingredients in the mixtures. Fifty feeds were so 
examined and in a large majority of cases the presence of inferior 
materials was clearly evident. The facts were stated in Bulletin 
303 essentially as follows: 


(1) Nearly all of the compounded feeds examined contain either 
oat hulls greatly in excess of what belong to the ground oats ean 
or ground corn cobs. 

(2) The molasses feeds, of which there were twelve brands ex- 
amined, nearly all contained a great variety of weed seeds, some of 
which are noxious weeds such as mustard, charlock, wild carrot and 
English plantain (narrow leaved plantain, buckhorn). Germination 
tests show that in several cases these seeds have not lost the power 
of germination. or instance, in one sample 50 per ct. of the 
English plantain seed germinated. It is beyond question possible 
for these seeds to reach the soil without having lost their germinat- 
ing power. Moreover, these weed seeds have an unknown nutritive 
value, and unquestionably many of them having highly resistant 
coatings pass through the animals undigested. These seeds are, 
therefore, not only a menace to the land but to the productiveness 
of the animals that are being fed these molasses feeds on the as- 
sumption that they take the place of pure, sound farm grains or of 
other standard feeding stuffs. 

(3) The gluten feeds are found in many instances to contain 
artificial coloring matter and to have considerable free acid, con- 
ditions that are not commendable. 


DEPARTMENT OF BACTERIOLOGY. 


Inoculation as a factor in growing alfalfa. The need of inocula- 
tion was tested in 67 fields distributed among 33 counties of this 
State. The bacteria, Ps. radicicola, which enable alfalfa to obtain 
nitrogen from the air were present, at least in small numbers, in 
practically all of the 67 experimental fields. However, it was only 
in one-third of the fields that they were present in sufficient numbers 
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to produce an inoculation in any considerable number of young 
alfalfa plants. 

An attempt to supply the ferms by applying pure cultures of Ps. 
radicicola to the seed, drying and sowing, resulted in almost com- 
plete failure, while applying soil from an old alfalfa field at the 
rate of 150 to 300 pounds per acre invariably produced an abundant 
inoculation on these experimental fields. 

Although but 15 of the 67 experimental plats produced a success- 
ful crop of alfalfa without inoculation, 48 of the adjacent plats 
where inoculating soil had been applied produced successful crops. 
That it to say, alfalfa growing, on 33 of the 67 fields which were 
tested, was changed from a failure to a success by the application of 
inoculating soil. These tests are described in detail in Bulletin No. 
300. 

The bacterial flora of cheddar cheese.— A quantitative and quali- 
tative study of the bacterial flora has been made during the ripening 
period in nine normal cheddar cheeses, the work being reported in 
Technical Bulletin No. 8. There was no evident connection be- 
tween the number of bacteria present and the rate at which the 
cheeses ripened. When commercially ripe a cheddar cheese usually 
contains some millions of living bacteria per gram. 

More than 300 pure cultures were isolated and finally reduced to 
33 groups according to the classification of the Society of American 
Bacteriologists. Ten of these groups disappeared from the cheese 
at once; representatives of nine other groups were found in but 
single cheeses, although they persisted there for some time; the re- 
maining 14 groups are the most important members of the cheese 
flora. The Bacterium lactis acidi of Leichmann, which includes 4 
of these 14 groups, is the only species which was always found and 
it practically always included over 99 per cent. of the total germ 
content of the ripening cheese. 


DEPARTMENT OF BOTANY. 


Potato spraying experiments.— During the season of 1907 the 
potato spraying experiments begun in 1902 were continued along 
practically the same lines as in previous years; and the results are 
reported in Bulletin No. 307. In the ten-year experiment at Geneva 
five sprayings increased the yield 73.7 bu. per acre, while three 
spraying increased it 44 bu. In the duplicate of this experiments at 
Riverhead, Lond Island, the gain due to six sprayings was 31.25 bu. 
per acre and to three sprayings 18 bu. In fourteen farmers’ busi- 
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ness experiments, including 152.75 acres, the average gain due to 
spraying was 30.8 bu. per acre; the average total cost of spraying 
$5.90 per acre; and the average net profit $17.07 per acre. Twenty- 
four volunteer experimenters reported gains averaging 30.5 bu. per 
nere: 

Thus far the results are highly favorable to the practice of spray- 
ing. In the ten-year experiments at Geneva the average gain for 
six years from spraying every two weeks has been 121.7 bu. per 
acre, and from spraying three times during the season 93.5 bu. At 
Riverhead the corresponding gains have been smaller — 60.5 bu. 
and 32.5 bu. respectively. 

In 62 business experiments made in five years the average gain 
due to spraying has been 49 bu. per acre and the average net profit 
from spraying $19.86 per acre. In 177 volunteer experiments re- 
ported in four years the average gain from spraying was 50.3 bu. 
per acre. 

Alfalfa troubles—— The increasing interest in alfalfa culture in 
New York seemed to warrant an investigation of the various 
troubles to which the crop is subject; and this investigation fur- 
nished material for Bulletin No. 305. Special attention has been 
- given to dodder, fungus diseases and the impurities and adulteration 
of seed. The chief difficulty with alfalfa in New York is to get the 
crop established. Several factors may be concerned in this: Poor 
seed, sour soil, wet soil, sowing with a nurse crop, lack of nodule 
bacteria, lack of humus, weeds, leaf spot disease, close cutting and 
winter injury. Dodder is often a serious pest. It is perennial, not 
annual as generally believed. Trouble with it is avoided by sow- 
ing only dodder-free alfalfa seed. The Station will analyze seed 
samples free of charge. Dodder seeds may be removed from al- 
falfa seed by sifting if the proper kind of sieve is used. The most 
practicable method of eradication is that of burning over the dodder- 
infested spots. The only important fungus disease is leaf spot. 
This causes an enormous loss in the aggregate, but seldom ruins the 
crop completely. The remedy for leaf spot consists in mowing 
whenever the plants turn yellow and become so badly diseased that 
their growth is severely checked. The investigation disclosed the 
existence of several new alfalfa diseases the most important being 
one called “ yellow top,” the cause of which was not definitely de- 
termined. There are no yery important insect enemies of alfalfa 
in New York, 
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Sporotrichum bud-rot of carnations.— This disease, previously 
known only in Nebraska, recently appeared in some New York 
greenhouses. The Botanist and one of the Assistant Entomologists, 
working in co-operation, have made a considerable study of it, the 
investigations being reported in Technical Bulletin No. 7. The cause 
of the disease was proven to be a fungus, Sporotrichum poe Pk. 
This fungus is found in the decayed tissue of diseased buds in con- 
stant association with a peculiar mite which, apparently, serves as a 
distributor of the fungus. The mite was identified as Pediculopsis 
graminum Reut, a species heretofore unknown in this country, but 
in Finland recognized as one of the chief agents in the production 
of a common grass disease called “ Weissahrigkeit.” June grass 
in New York is abundantly affected with the same disease which 
is here known is “ silver top.” The fungus and mite have been 
found, frequently associated, on June grass affected with silver 
top, but their relation to that disease has not been investigated. 


DEPARTMENT OF CHEMISTRY. 


Methods of paying for milk at cheese-factories—This subject is 
one of fundamental importance to dairymen who produce milk for 
cheese-making. This Station has given the matter more extensive 
and thorough study than any other institution, having previously 
published two bulletins (68 and 110) in relation to it. As many 
as six different methods have been proposed, which may be grouped 
under the following general divisions: (1) On the basis of the 
weight of milk; (2) on the basis of milk-fat; and (3) on the basis 
of the yield of cheese. ‘The first method has been proved beyond 
all question to be unfair, because milk varies greatly in its cheese 
producing power. It has been shown that in different milks the 
yield of cheese from 100 pounds of milk may be as low as 8 pounds 
and as high as 13 pounds. The yield of cheese might be supposed 
to furnish a fair basis, but it has been proved that cheese made 
from milk rich in fat is superior in quality and value to cheese 
made from milk poorer in fat. When milk is paid for on the basis 
of its fat content, the yield, composition and quality are all taken 
into consideration. While a pound of fat in rich milk is equivalent 
to less cheese than a pound of fat in poorer milk, owing to the 
somewhat larger relative amount of casein in the latter, the quality 
of cheese made from richer milk is enough better to make up for 
this difference in yield in relation to milk-fat. Besides being the 
most fair basis, when yield and quality of cheese are considered, the 
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payment according to the milk-fat exercises a most important and 
direct influence upon the milk producers; because it removes all 
temptation to skim or water milk, and because it offers a special 
inducement to produce milk containing larger amounts of milk-fat. 
The full discussion of these methods will be found in Bulletin 
No. 308. 
DEPARTMENT OF ENTOMOLOGY. 


Control of scale in old apple orchards.——The control of the pest 
in old apple orchards is the most important phase of the San José 
scale problem in this State. Realizing the dangers that threatened 
the apple industry, the Station began a series of co-operative tests 
to ascertain practical measures for protecting the older trees. These 
tests were conducted for several years in commercial apple orchards 
at Youngstown in Niagara County, Geneva in Ontario County 
and Yorktown in Westchester County; and are reported in Bulle- 
tin No. 296. In these experiments the standard remedies were em- 
ployed for the treatment of the main portions of the orchards, and 
comparative tests were made of the more promising sprays of re- 
cent introduction. The tests have proven clearly that it is possible, 
without great expense, to protect old trees so thoroughly that the 
crops are not lessened and that little if any of the fruit shows spot- 
ting. Experience, derived from our own experiments and observa- 
tions on the efforts of commercial fruit growers, demonstrates, with 
increasing emphasis each year, that the control of the scale on old 
apple trees is practicable, and that efficient protection can be af- 
forded at at a relatively nominal expense, compared with the re- 
turns from a well managed orchard. The cost of spraying apple 
orchards varies from year to year and with different fruit growers. 
The principal factors that determine the expense are labor, ma- © 
chinery, size of trees, weather conditions, kind and cost of spray- 
ing supplies and general management. 

Of the various sprays that have been tested, the sulphur wash 
and the home-made oil emulsions have, on the basis of efficiency, 
economy and safety to the trees, proven the most satisfactory reme- 
dies. Of the two, the oil emulsions have generally been somewhat 
more efficient than the sulphur wash in the treatment of old appie 
trees, and excellent results have been obtained with a light treat- 
ment of emulsion on trees previously sprayed with the lime-sulphur 
wash to reach the scales on the young wood. Either of these sprays 
singly or the emulsions supplementing an application of the sulphur 
wash, if thoroughly applied, can be depended on to control the scale, 
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and are recommended for the treatment of old trees. Miscible oil 
in the proportions used has prevented important injuries to the 
trees and has generally proven an efficient remedy for the scale. 
These preparations of good grade are among the most satisfactory 
substitutes for orchardists who do not desire to employ home-made 
mixtures, | 

Screening for the protection of cabbage seed beds.— This bulletin, 
No. 301, deals with experiments to test the value of cheesecloth 
screening for the protection of cabbage seed beds against injuries 
by root maggots. In most sections of this State where cabbages 
are raised, the growers experience much difficulty in raising enough 
seedlings, of required size, to plant the desired acreage, because of 
the destructiveness of these insects. Of the various measures that 
have been employed in the experiments with this pest, screening of 
the plants has afforded the most efficient protection to seed-beds. 
Because of its efficiency for this purpose, the attention of growers 
is called in this bulletin to the value of screening of beds as one 
means of protecting plants from injuries by root-maggots. 

In the experiments, four large beds were made, the seed being 
sown respectively on April 29, May 13, May 17 and May 28. 
Screening was applied to 21 rows, of 150 feet in length, of the 
planting of May 13. The remainder of the bed, consisting of 68 
rows of equal length, was considered as a check. Plants raised 
under cloth grew faster and reached the desired size for trans- 
planting one week before the seedlings in the check area. The 
screened sets were seasoned by the removal of the covering thirteen 
days before the time of replanting, and showed no more wilting 
when transplanted than did the check seedlings. The screened bed 
was entirely free of maggots, and produced 50,000 sets, which were 
replanted. The check bed, of more than three times the size, 
yielded only 30,000 desirable plants. The cabbage-maggots were 
generally very destructive to unprotected seedlings. The experi- 
ments show that screening entirely protects seedlings from injuries 
by maggots, and indicate that it is possible to season the plants, by 
removal of the covering a few days before transplanting, so as to 
avoid the excessive wilting and losses which sometimes attend the 
planting in the field of sets grown in covered frames. 

Dipping of nursery stock in the lime-sulphur wash.— Dipping in 
the lime-sulphur wash is a method of treatment proposed for the 
disinfecting of nursery stock for such pests as the San José scale, 
wooly aphis and other destructive insects, Its utility for these pur- 
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poses has not been thoroughly established, and more knowledge on 
the safeness and efficiency of this treatment has been desired. Bul- 
letin No. 302 is a contribution of additional data, which are based 
on experiments to determine: (1) The effectiveness of the lime- 
sulphur wash as a dip on the San José scale, and (2) the effects of 
dipping in this mixture upon the health of nursery trees. 

Tests were made with the standard lime-sulphur wash at tem- 
peratures of 60°, 100°, 120°, and 212° F. For purposes of com- 
parison, experiments were also made with kerosene emulsion, con- 
taining 10, 15, and 20 per ct. of oil; miscible oil diluted with 10, 
15 and 20 parts of water; and hydrocyanic acid gas at the rate of 
0.3 gram of potassium cyanide per cubic foot. The stock used for 
these tests was 180 3-year old Bartlett pears and 970 3-year old 
Ben Davis apples, all of which were infested with the San José 
scale; and 300 Mann apples, 470 Bartlett pears, 300 Satsuma plums 
and 300 Fitzgerald peaches, all of which were clean and healthy 
LECeS. 

While good results were secured from some of the spraying mix- 
tures used in these tests, the practice of dipping cannot be recom- 
mended as.a general substitute for fumigation with hydrocyanic gas. 
None of the mixtures were as effective on the San José scale as 
the gas, except under conditions destructive to the trees, while 
fumigation, if properly conducted, is harmless. 

Control of leaf blister mite in apple orchards.— Bulletin No. 306 
deals largely with experiments to determine the comparative merits 
of various sulphur sprays in preventing spotting of apple foliage by 
the leaf blister-mite. The mixtures that were tested were the 
boiled lime-sulphur wash, the home-made concentrated lime-sulphur 
wash, and two commercial preparations; and all of them gave 
equally satisfactory results. One application of either of these 
sprays has practically prevented spotting of foliage by the mite. 
With the increased availability of the sulphur sprays these are 
recommended as practicable remedies for the treatment of apple 
orchards. A plan of spraying that is well adapted for the treat- 
ment of apple trees is an application of a sulphur wash as the buds 
are swelling and before the leaves appear, followed by the usual 
second and third applications of the bordeaux mixture in their 
proper season. 
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DEPARTMENT OF HORTICULTURE. 


Distribution of Station strawberries and raspberries.— In the 
Spring of 1908 the Station distributed four new varieties of red 
raspberries and three new varieties of strawberries. These 
varieties were the incidental outcome of the experimental work in 
plant breeding. Bulletin No. 298 gives full descriptions of the 
seven new varieties and briefly discusses the objects of the breeding 
work which brought them forth. The objects, briefly stated, are: 
(1) The study of the correlations of the different characters of 
plants; (2) investigations of the laws of inheritance and variability ; 
(3) the adaptation of plants to new environment; (4) the develop- 
ment of hardy plants; (5) the development of resistance to disease; 
(6) improvement through crossing and hybridizing as a basis for 
generalizations as to the use of these operations in plant breeding; 
(7) systematic selection from pure-bred seedlings; (8) to discover 
what botanical and horticultural groups of the several fruits andl 
vegetables best transmit their characters to their offspring either as 
pure-breds or in crosses; and (Q) incidental to the above lines of 
research, the production of new varieties. 

The relation of weather to the setting of fruit; with blooming 
data for 866 varieties of fruit—In Bulletin No. 299 attention is 
called to the fact that the relations of weather to the formation and 
development of fruit have been lost sight of in the current discus- 
sions of the failures of blossoms to set fruits. Data are given to 
show that unfavorable weather is the predominating one of the 
several factors which cause the loss of fruit crops during blooming 
time. The following constituents of weather, with their relations 
to the setting of fruit, are discussed: Late frosts, wet weather, 
temperature, daily range in temperature, sunny weather, wind, and 
fogs. Means of controlling weather are discussed, the selection of 
locations with reference to general and local climate receive atten 
tion, and the fact that varieties of fruits may be selected with refer- 
ence to their ability to withstand injurious weather is given a some- 
what full discussion. The time of blooming is a particularly im- 
portant period in the growing of fruits as to the welfare of crops 
regarding other factors than weather; as, to secure proper cross- 
fertilization, and in their relations to insects and fungi. The bloom- 
ing data for the varieties of fruit grown on the Station grounds, 
866 in all, are therefore given in this bulletin with a discussion of 
the uses to which such information may be put. 
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Varieties of strawberries, with cultural directtons.— Bulletin No. 
309 describes the newer varieties of strawberries with some of the 
standard kinds for comparison. ‘These descriptions are followed by 
some cultural directions so that the bulletin may be used in answer- 
ing the numerous inquiries which come to the Station in regard to 
the growing of strawberries. In describing the varieties an effort 
has been made to lay especial emphasis on the good and the poor 
characters of the new sorts as tested under the conditions at this 
Station. Attention is called to the fact that the results as pub- 
lished are not to be taken as absolute and that they may not even 
indicate what might be expected under widely different conditions 
of environment. 


PUBLICATIONS ISSUED DURING 1908. 


BULLETINS. 


No. 296. January. Control of scale in old apple orchards. P. J. Parrott, 
H. E. Hodgkiss and W. J. Schoene. Pages 30, plates 4. 
Popular edition, pages 8. 

No. 297. February. Investigations on some fruit diseases. H. J. Eustace. 
Pages 18, plates 7. 

Popular edition, pages 5. 

No. 298. March. Distribution of Station strawberries and_ raspberries. 
U. P. Hedrick and O. M. Taylor. Pages to, plates 4. 
No popular edition. 

No. 299. March. The relation of weather to the setting of fruit; with 
blooming data for 866 varieties of fruit. U. P. Hedrick. 
Pages 8o. 
Popular edition, pages 7. 

No. 300. March. Inoculation as a factor in growing alfalfa. H. A. Hard- 
ing and J. K. Wison. Pages 26, plates 2. 
Popular edition, pages Io. . 

No. 301. March. Screening for the protection of cabbage seed beds. W. J. 
Schoene. Pages 10, plate 1. 
Popular edition, pages 3. . 

No. 302. April. Dipping of nursery stock in the lime-sulphur wash. P. J. 
Parrott, H. E. Hodgkiss and W. J. Schoene. Pages 28, plates 2. 
Popular edition, pages 3. 

No. 303. July. Inspection of feeding stuffs. Pages 52. 
No popular edition. 

No. 304. November. Report of analysis of samples of fertilizers collected 
by the Commissioner of Agriculture during 1908. Pages 77. 
No popular edition. 

No. 305. December. Troubles of alfalfa in New York State. F. C. Stewart, 
G. T. French and J. K. Wilson. Pages 84, plates 12. 
Popular edition, pages 13, figs. 2. 
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REPORT OF THE DEPARTMENT OF 
BACTERIOLOGY. 


INOCULATION AS A FACTOR IN GROWING 
ALFALFA.* 


H. A. HARDING AND J. K. WILSON. 


SUMMARY. 


1. This bulletin records the need of inoculation and means for 
supplying this need as determined in 67 fields distributed among 33 
counties of this State. 

2. The bacteria, Ps. radicicola, which enable alfalfa to obtain 
nitrogen from the air were present, at least in small numbers, in 
practically all of the 67 experimental fields. 

3. They were present in sufficient numbers to produce an inocula- 
tion in any considerable number of the young alfalfa plants in only 
one-third of these fields. 

4. An attempt to supply the germs by applying pure cultures of 
Ps. radicicola to the seed, drying and sowing, resulted in almost 
complete failure. 

5. Applying soil from an old alfalfa field at the rate of 150 to 
300 pounds per acre invariably produced an abundant inoculation 
on these experimental fields. 

6. While but 15 of the 67 experimental plats produced a success- 
ful crop without inoculation, 48 adjacent plats where inoculating 
soil had been applied produced successful crops. Accordingly 
alfalfa growing, on 33 of the 67 fields which were tested, was 
changed from a failure to a success by the application of inoculat- 
ing soil. 


*A"reprint of}Bulletin No. 300. 
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INTRODUCTION. 


Alfalfa has long been grown in the central part of this State, 
notably around Syracuse, but within the past ten years its culture 
has spread. Now, alfalfa is being successfully grown in every 
agricultural county of the State. The main reason why the growth 
of this valuable forage plant was so long restricted to a few locali- 
ties is found in the particular requirements of this plant; and the 
recent wide spread of its culture is evidence that these requirements 
are being fulfilled. However, failures are still numerous and the 
factors which make for success are not always understood. Good, 
clean seed is a prime requisite, the soil and subsoil should be well 
drained, the soil should contain a fair amount of fertility and should 
be so fitted as to prepare a good seed bed and at the same time 
kill a maximum number of weeds. 

When proper attention has been given to all of these things there 
still remain the important factors of inoculation with the bacteria 
which enable alfalfa to obtain nitrogen from the air, and of lime. 
This bulletin presents the results of a study of the influence of in- 
oculation as shown in cooperative experiments conducted during the 
past three seasons on sixty-seven farms in this State. In these ex- 
periments the aim was to ascertain the facts as to the need of 
inoculation in growing alfalfa on these farms. As this need is im- 
perative in many cases, attention has been given to different means 
of supplying inoculation. 

While these experiments have the advantage that they embody 
practically all types of the agricultural conditions to be met with in 
the State they are open to the criticism that they were rarely con- 
ducted by experienced experimenters and our supervision was limited 
to directions through correspondence and an occasional visit. These 
visits gave an opportunity to verify practically all of the data fur- 
nished by the farmers except that concerning the comparative yields 
of the respective plats and in this particular the farmers were well 
qualified to determine and report the facts. 

In work of this kind the need of a check plat to serve as a basis 
for computing the effect of any line of treatment is imperative. 
The most common error with these experimenters was either to 
omit the check plat or to so locate it that it was rendered worthless 
by surface drainage or agricultural operations. All experiments 
where the check plat was absent or where, for any reason, the re- 
sults from it were of doubtful value, have been eliminated from our 
computations. 

The peculiar feature of this work was the attempt to determine 
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quantitatively the probable importance of inoculation in growing 
alfalfa in this State. The contributions to the subject are: First, 
evidence that inoculation is at present one of the large factors in the 
successful growing of alfalfa in nearly all portions of the State; 
and, second, the fact that there is an important practical difference 
between the presence of a small number of the required germs in 
the soil and the presence of sufficient inoculation to supply the needs 
of the crop in this respect. 


ACKNOWLEDGEMENTS. 

The success of these experiments has depended largely upon the 
real cooperation of the farmers who have had them immediately in 
charge. To them we return our sincere thanks, trusting that the 
assistance which these results may be to their fellow farmers will be 
their most acceptable reward. y 

As this was, to an unusual extent, a series of experiments in 
which several of the Station staff have assisted, any further credit 
due should be ascribed to the Station as a whole, the authors assum- 
ing the responsibility for any mistakes which may have been made. 


IMPORTANCE OF INOCULATION. 


HISTORY. 

A widespread interest in the subject of inoculation for legumes 
has been manifested at three distinct periods. The first was in 
1886. At that time many investigators were searching for the 
source of the increase of our available nitrogen and the announce- 
ment of Hellriegel immediately turned scientific attention in’ this 
direction. Again in 1896 the “ Nitragin” of Nobbe and Hiltner 
promised a ready means of making the earlier scientific discoveries 
of general application to agriculture and, while it failed of its 
original purpose, it started a line of work which has continued down 
to the present time. 

The center of interest on these occasions was in Europe and there 
was little expression on the subject in this country outside of the 
circle of scientific workers. However, in 1904 when the U. S. De- 
partment of Agriculture announced a new method of transporting 
the legume cultures dried on cotton, not only the scientists but, to a 
remarkable extent, the farmers became keenly interested. This was 
at least partly accounted for by the extensive interest in the grow- 
ing of alfalfa and the conviction that much of the difficulty which 
had been experienced in growing this crop was due to the lack of 
inoculation. 
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The practice of spreading good soil over land for the purpose of 
increasing its productivity is so old that its origin is lost in antiquity. 
It was doubtless observed that in some cases this application of soil 
had a very marked effect in stimulating the growth of legumes but 
the true reason for this stimulation was first demonstrated by Hell- 
riegel and Wilfarth. They began these investigations in 1883, gave 
a partial report! of their results in 1886 and published them? in full 
in 1888. These investigations demonstrated that the ability of 
legumes to gather nitrogen from the air is dependent upon the pres- 
ence of bacteria, now called Ps. radicicola, within their roots. It 
was found that a small amount of soil from a field in which peas 
had been successfully grown sufficed to inoculate peas growing in 
pots of sterilized sand while a portion of the same soil had no 
effect upon serradella grown under similar conditions. Soil from a 
second field where serradella was growing was efficient in inoculat- 
ing the experimental serradella. 

In these and similar experiments later conducted by other experi- 
menters the soil was not applied directly to the experimental pots but 
a weighed portion of soil was shaken with a measured amount of 
water and after the solids had settled the water was applied to the 
pots. This method was resorted to in order to avoid adding to the 
experimental pots the various insoluble substances which were 
present in the inoculating soils. The results of Hellriegel and 
Wilfarth’s investigations were tested in this way and found correct 
by Prazmowski,? by Lawes and Gilbert, * by Nobbe and Hiltner,® by 
Beyerinck,® and by Atwater and Woods.” 


*Hellriegel, H. Welche Stickstoffsquellen stehen der Pflanze zu Gebote. 
Ztschr. Ver. Riibenzucker Industrie des Deut. Reichs, 1886: pp. 863-877. 

* Hellriegel, H., & Wilfarth, H. Untersuchungen tiber die Stickstoffnah- 
rung der Gramineen und Leguminosen. Ztschr. Ver. Ribenzucker Industrie, 
1888: Beilageheft, pp. 1-234. 

* Prazmowski, Adam. Ueber die Wurzelkndllchen der Leguminosen. 
Bot. Centbl., 36: 1888 and Die Wurzellndllchen der Erbse. Landw. Vers. 
Stat., 37: 161-238. 1890. 

*Lawes, J. B., & Gilbert, H. New experiments on the fixation of nitrogen. 
Proceed. Roy. Soc. Eng., 47: 1890. 

*Nobbe, F., Schmid, E., Hiltner, L. & Hotter, E. Versuche iiber die 
Stickstoff-Assimilation der Leguminosen. Landw, Vers. Stat., 39: 327-359. 
1891. 

*Beyerinck, M. W. Die Bacterien der Papilionaceen-Knollchen. Bot. 
Lip ADs 725. 1600. 

" Atwater, W. O., & Woods, C. D. The acquisition of atmospheric nitro- 
gen by plants. Storrs (Conn.) Agr. Exp. Sta. Rept. 2: 11-§1. 1886. 
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Immediately after the announcement in 1886 that the bacteria 
were a necessary part of the fixation of nitrogen by legumes and 
that they could be supplied by additions of soil, Salfeld® began an 
extensive test of the application of inoculating soil to peat lands 
upon which legumes were to be grown. The results of this applica- 
tion were highly satisfactory and opened the way to profitable re- 
turns from lands of this class, which are abundant in many parts of 
Europe. Similar favorable results in Europe from the use of 
inoculating soil were reported by Fruwirth,? Wilfarth,!? Schmitter," 
and Miller.12 When inoculation was lacking, the results were 
marked but where the desired bacteria were already present in the 
field in sufficient quantities the addition of soil from another field 
was, naturally, without any marked effect. 

While the accuracy of the work of Hellriegel and Wilfarth was 
promptly tested by Atwater and Woods the practical application of 
these discoveries to American agriculture came about very slowly. 
We are indebted to Prof. I. P. Roberts and his colleagues! for an 
account of one of the earliest successes in this line. For a number 
of seasons the attempt had been made to grow soy beans at the 
Cornell University Agricultural Experiment Station, and it was 
observed that their roots were devoid of nodules. Prof. Roberts 
wrote to an acquaintance in Japan in regard to the matter and re- 
ceived about four ounces of soil. Some soy beans were planted in 
pots in the greenhouses in 1896 and the inoculating soil was mixed 
with the soil in the pots after they were filled. The nodules did not 
develop on the extreme ends of the roots of the beans but only 
on the upper two-thirds of the roots, from which it might be in- 
ferred that the soil was not thoroughly mixed. In the check no 
nodules were formed while in the others the nodules were not only 
abundant but were unusually large. The next season the soil from 


®*Salfeld, A. Ueber die Verwertung der Hellriegel’ schen Versuche mit 
Leguminosen in landwirtschaftlichen Betrieb. Biedermann’s Centbl. Agr. 
Chem., 18: 239-244. 1880. 

°Fruwirth. Neue Impfverseuche mit Lupinen. Deut, landw, Presse., 
1892 & 1893. 

*Wilfarth, H. Die meueren Verseuche mit Stickstoffsammelenden 
Pflanzen und deren Verwertung ftir den landwirtschaftlichen Betrieb. Bied- 
ermann’s Centbl. Agr. Chem., 22: 181-184. 1893. 

™ Schmitter, A. Die Impfung der Lehmsboden zu Lupinen mit Bakte- 
rienreicher Erde. Biedermann’s Centbl. Agr. Chem., 23: 700-701. 18094. 

2Miller. Jour. Roy. Agr. Soc. Eng., Series IIL, 7: 236-253. 1806. 

* Through personal letters from Prof. Roberts and Prof. Stone. 
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the two inoculated pots was used in the field by placing a sma!l 
portion of it in the hill with each bean seed. Several square rods 
were inoculated in this way. These soy beans produced nodules 
abundantly and from that time soy beans grown in that immediate 
vicinity have produced nodules. 

In Alabama Duggar'* used soil successfully to inoculate alfalfa in 
1897 and similar inoculation results with soy beans were obtained in 
Kansas by Otis!® in 1898. Hopkins?® at Illinois had marked results 
from pot experiments in 1901 in which he inoculated alfalfa with 
liquid from Kansas soil. An acre inoculated at the same time with 
a portion of the same soil showed marked results in favor of the 
inoculation in the spring of 1902. Later he inoculated 25 alfalfa 
fields about the State and, wherever inoculation was lacking, as 
seemed to be the case in most fields, he obtained good results from 
the inoculating soil. His contribution to the subject was the ob- 
servation that equally good results in the inoculation of alfalfa were 
apparently obtained when the soil used contained nodules of sweet 
clover (Melilotus alba) as when it came from an old alfalfa field. 
Russell and Moore! and Nash? likewise obtained equally good re- 
sults from the use of soil containing sweet clover and that contain- 
ing alfalfa nodules. 

The extent to which inoculation has become a part of the farm 
practice in this country can be judged from the fact that over 1,200 
farmers have obtained soil for inoculating alfalfa from a single com- 
mercial source in this State within the past five years. 

From the very first it was appreciated that the use of soil for 
carrying the desired bacteria from one field to another was a crude 
and inconvenient method; and investigators set about isolating Ps. 
radicicola and propagating it in pure cultures. The earliest at- 
tempt to use these cultures in the inoculation of considerable areas 
seems to have been made by Nobbe and Hiltner and their success 
was such that they put the cultures upon the market under the 


“ Duggar, J. F. Soil inoculation for leguminous plants. Ala. Agr. Exp. 
Stassbul. ‘S7ierso7 

* Otis, D. H. Soil inoculation for soy beans. Kan. Agr. Exp. Sta, 
Bul. 96, 1900. 

** Hopkins, C. G. Alfalfa on Illinois soi. Ill. Agr. Exp. Sta. Bul. 76 
oe) and Nitrogen bacteria and legumes. Bul. 94. 1904. 

7 Russell, H. L., & Moore, R. A. Inoculation experiments with alfalfa 

and soy beans. Wis. Agr. Exp. Sta. Rept. 22: 242-261. 1905. 

% Nash, C. W. Alfalfa in Maryland. Md. Agr. Exp. Sta. Bul. 118. 


1907. 
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name of “ Nitragin.” Partly on account of the naturally small de- 
mand for this new article and partly on account of the poor results 
obtained by various investigators who tested these cultures they 
ceased to be offered for sale. Hiltner has steadily continued. his 
studies of this subject and has found a solution for many of the 
difficulties which earlier beset the preparation of cultures of suffi- 
cient vigor to accomplish the desired fixation of nitrogen. 

The problem of the production of cultures of Ps. radicicola which 
would be a satisfactory substitute for soil in the inoculation of 
legumes was undertaken by the U. S. Department of Agriculture 
and in 1904 one of its investigators patented’? a process which was 
expected to furnish the bacteria in a vigorous condition and in a 
form which would allow their ready distribution. It was soon 
found that this method was a failure*® and attention has more re- 
cently been given to other methods of preparation and distribution. 
A report”! of progress has just been made which indicates that the 
results obtained by the new Department methods are still less than 
one-half as good as those obtained from the use of inoculating 
soil. Pure cultures have been sent out in various forms and on a 
considerable scale from both the Virginia”? and the Ontario” agri- 
cultural experiment stations. 

While it has been found that there is rarely any need for arti- 
ficial inoculation in growing a legume which is a common crop in 
any district, there is often the need of inoculation in order to grow 
successfully a legume which has never been grown in that locality. 


PLAN OF EXPERIMENTS. 


During the past three seasons the proposition has been made to 
all farmers who inquired regarding inoculation for alfalfa that the 
Station would furnish the inoculating material if the farmer would 
foilow general drections and report the progress of the experiment. 





“Letters Patent No. 755,519. Dated March 22, 1904. Issued to George 
T. Mcore. 

” Harding, H. A., & Prucha, M. J. The quality of commercial cultures 
for legumes. N. Y. Agr. Exp. Sta. Bul. 270, 1905. Same in Annual Rept. 

*Kel'’erman, Karl F., & Robinson, T. R. Progress in legume inocula- 
tion. U. S. Dept. of Agr., Farmers’ Bul. 315. 1908. 

Ferguson, Meade. Soil inoculation with artificial, cultures. Va. Agr. 
Exp. Sta. Bul. 159. 1906. 

°° Harrison, F. C., & Barlow, B. Co-operative experiments with nodule- 
formirg bacteria. Ontario (Canada) Agr. Exp. Sta. Bul. 148. 1906. 
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In 1905 the selection of the land and the laying out of the plats were 
ieft to the farmers except that an uninoculated portion or check 
was required. In 1906 general directions for selecting and fitting 
the land designed for the experiment were furnished and it was sug- 

: gested that the experimental 





acre be laid out according to 
No lime, no Lime, no aes 
the adjoining diagram. In 
inoculation. inoculation. 
1907 a compliance with the 
é; latter suggestion was insisted 
No lime, Lime and con h fore 
: ; upon except where, for lo 
inoculation. inoculation. P pr ‘ ea 
reasons, a different arrange- 





ment was evidently prefer- 
able: 

The uninoculated area was intended to furnish evidence as to the 
amount and distribution of any inoculation originally present in 
the field as well as serving as a basis for judging the effect of the 
artificial inoculation or the lime applied to the adjoining areas. 

The experimenters were supplied with blanks for recording the 
nature and condition of the soil at seeding time as well as the con- 
dition of each plat at intervals during the first two seasons. In 
most cases the reports were supplemented by personal visits each 
season, when the records were verified and enlarged as much as 
possible. . 

In attempting to draw conclusions from experiments conducted in 
this manner we have been sensible of the difficulties connected with 
obtaining accurate data and we have excluded incomplete experi- 


Down-hill side of field. 


ments so rigidly that our actual calculations are based upon only 
67 of the 118 experiments which were actually begun. These 67 
experiments have, for the most part, been personally examined and 
are known to have been so conducted as to give dependable re- 
sults. Among them are a few which were not seen but which were 
so well arranged and the reports from which are so clear as to leave 
little room for doubt as to the actual conditions. 

It will be noted from the plan of the experiments begun in 1906 
that lime was to be applied to one-half of the experimental area. 
The results already obtained show that lime is often an important 
factor in the growing of alfalfa. A detailed discussion of our re- 
sults with lime will be given in connection with our report, next 
‘year, upon the experiments which were begun in 1907. 
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Map 1.— LocaTION oF ALFALFA-I NOCULATION EXPERIMENTS. 
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GEOGRAPHICAL DISTRIBUTION OF THE EXPERIMENTS. 


The accompanying map shows the location of the experiments 
from which the data in this bulletin were taken. They are dis- 
tributed among 33 of the 61 counties of this State. In addition 
to the experiments shown on the map, 51 other experiments were 
started at various places. 

It should be clearly understood that none of the 51 experiments 
which are not considered in our computations was omitted because 
it failed to produce a good yield of hay. Many of them did give 
excellent returns in hay but, owing to mistakes in laying them out, 
accidents in connection with sowing or the growth of the plants or 
failure to report clearly the progress of the experiment, we were 
unable to determine which were the factors producing the results. 

An exmination of the accompanying map shows that the success- 
ful. growing of alfalfa is not restricted to any given area. Even 
the fields where it thrived without artificial inoculation are widely 
scattered. Not only is it a success in all portions of the State but 
there are successful fields on soil ranging from loose sand to clay 
loam underlaid by a resistant hardpan. 

The successful growing of alfalfa is not a matter of regional or 
climatic differences but depends upon the past treatment and present 
condition of the particular field in which it is sown. 


PREVALENCE OF NATURAL INOCULATION. 


Since the bacteria working in connection with the plant enable it 
to get an increased amount of nitrogen, the presence of inoculation 
on our check plats could usually be detected by the vigorous ap- 
pearance of the plants. After the first season, the uninoculated 
plants, if alive, are usually smaller and somewhat yellow. Often, 
toward the close of the first season in a field but slightly inoculated, 
the inoculated plants can easily be found by their greener color and 
general evidence of vigor. The difference in the rate of growth is 
brought out in the photograph (Plate I). This shows the growth 
on one of our experimental fields which had been inoculated with 
soil and similar growth on an adjoining check plat which had the 
same treatment except that it had not received artificial inoculation. 

Appearance of alfalfa nodules— A more accurate idea concern- 
ing the presence of inoculation in the fields than can be obtained 
from the general observation of the plants may be had by examining 
the roots of the plants for the presence of nodules, and noting their 
number and size. 
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Alfalfa nodules occur singly and in clusters of various kinds. 
They are usually found upon the fine roots or attached to the larger 
roots by a short branch. The single nodules are usually about the 
size and shape of an alfalfa seed but in exceptional cases they may 
be larger than a kernel of wheat. Often two or more nodules are 
attached at a common point and radiate like a fan. At times an ir- 
regularly shaped mass is formed from which the nodules radiate, 
resembling the palm and fingers of the hand. In some fields there 
is an abundant formation of giant clusters, often a half-inch across, 
in which large numbers of the individual nodules are set together in 
a mass radiating from a common center, at which they are attached 
to a fine root. 

The prevailing color of the young growing nodule is white, often 
with a tinge of green at one end. The older nodules are darker in 
color, possibly through staining by the soil solution. Late in the 
season many of the nodules appear brown and shriveled as though 
their contents had been withdrawn. 

flow to tind the nodules—— When conditions are favorable nodules 
are formed very promptly. In some germination experiments by 
F. C. Stewart, Botanist of this Station, nodules were well devel- 
oped by the time the first true leaves were formed and the seedlings 
were less than an inch high. A photograph of slightly older seed- 
lings is shown in Plate II. 

The nodules are most easily found during the first two seasons 
since the root systems are then comparatively near the surface. 
With each succeeding season the fine roots are at greater depths 
and the difficulty in finding nodules is proportionately increased. 
~The nature and condition of the soil are also considerable factors 
in the chance of success, In clay ground, particularly when it is 
dry, it is difficult to remove the dirt from the roots without remov- 
ing the nodules at the same time. In light, sandy soils, especially 
when these are moist, there is little chance of overlooking the 
nodules if moderate care is exercised and the person knows a 
nodule when he sees it. 

It is best to dig up a block of earth containing the plant to be 
examined and if the soil is in the proper condition the dirt may 
be carefully removed from the roots with the hands. If the soil - 
is hard and dry it is best to use water in separating the dirt from 
the roots. Where plants are pulled up bodily as is sometimes done 
the nodules uniformly remain in the ground. The number of 
nodules will often vary greatly on adjoining plants and a consider- 
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able number of plants should be examined before concluding as to 
the amount of inoculation present in a field. 

Presence of nodules in the uninoculated fields — Examination of 
the 67 check plats showed the presence of nodules on at least a few 
of the plants in all but 5 plats. Two of these plats were among 
those not seen by a Station representative, the reports having been 
made by the co-operating farmers. The fact that nodules were 
found by the same farmers on their adjoining inoculated plats shows 
that they understood what they were looking for and they would 
probably have found the nodules had they been present in any con- 
siderable numbers. However, the repeated failure of other farmers 
to find the nodules where we later found them present in small 
numbers would suggest that there may have been a few tnoculated 
plants that were overlooked in these check plats. In one case 
where we examined a check plat without finding any inoculated 
plants the check plat was such a failure that all of the plants were 
dead and the land ploughed; so there was nothing left to examine. . 
The dryness and hardness of the soil were probably responsible 
for the failure to find any nodules in the other two fields. On 
each of these five check plats the alfalfa crop was a failure. 

While it should not be forgotten that the adjacent inoculated 
plats contributed in some cases to the inoculation of the check plats, 
the fact that some inoculation was practically everywhere present 
and the way that the inoculated plants were distributed over the 
plats make it probable that at least a small amount of natural inocu- 
lation is present in all cases. 

Source of this widespread inoculation One explanation for 
the wide distribution of these germs which has been here observed 
is that the bacteria are carried upon the seed. When the slight 
contact which the seed has had with the soil is remembered in con- 
nection with the rapidity with which the legume bacteria are killed 
by drying it would seem that this method of transportation ts 
highly improbable. However, Ferguson** states that legume bac- 
teria are carried upon seed and in a personal letter explains that he 
has recovered them from commercial alfalfa seed by laboratory 
methods. This would seem to settle the fact that they are some- 
times carried in this way; but the results which will be given under 
the heading, “ Inoculation by living cultures placed upon the seed,” 
tend to show that seed is poorly adapted for transporting these 


4 See footnote 22. 
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_ bacteria and that only a very small proportion of those getting upon 
the seed would survive until the time of sowing. 

A more probable source of this natural infection is the germs 
from the other species of legumes. Reference has already been 
made to investigations which indicate that the bacteria associated 
with sweet clover and with burr clover readily associate with alfalfa. 
The number of species of wild legumes which grow naturally and with 
an abundant formation of nodules in our fields is large and it would 
be strange if the two forms already known were the only ones from 
which the germs pass readily to the alfalfa. It has been found in 
a number of investigations that when legumes are grown in steri- 
lized soil and are heavily inoculated with cultures derived from 
other species of legumes nodules are produced in many instances. 


NEED OF ARTIFICIAL INOCULATION. 


When we consider that only. 15 of the 67 check plats produced suf- 
ficient hay to be considered a profitable crop although they were prac- 
tically all at least slightly inoculated it is readily seen that something 
more than the presence of a scattering inoculation is necessary in 
order to make alfalfa growing profitable. That many plats were a 
failure simply because of a. lack of sufficient inoculation will be 
seen from the results obtained upon adjoining plats where arti- 
ficial inoculation was supplied. 

The question which is important agriculturally is whether there 
is sufficient inoculation in order to insure a successful crop, so far 
as it is affected by that factor. The experimental fields presented 
all gradations between no inoculation and a very abundant one. In 
some fields it was easy to see that there was not enough inocula- 
tion and in others that there was sufficient, but in many cases one 
could not decide from an observation of the roots as to the real situa- 
tion. There seemed to be no better way than to wait until the 
second season, when the plants should be fully established, and let 
the verdict turn on whether the crop produced was sufficient to be 
considered a profitable one. On this account we are reporting at 
this time only upon the experiments begun in 1905 and 1906. The 
results of the experiments begun in 1907 will probably be given in 
a bulletin of rgo9. 

While 67 fields are too few in comparison with the number of 
fields in the State to form a satisfactory basis for generalization, 
so far as they go the results from them indicate that less than 
one-quarter of the fields are in condition to produce alfalfa suc- 
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cessfully without artificial inoculation. The extent to which they 
will grow this crop successfully when this inoculation is supplied 
will be brought out under a later heading. 


METHODS FOR SUPPLYING INOCULATION. 


The methods which have been advacated for supplying the desired 
inoculation may be grouped under the following heads: (1) Re- 
seeding with alfalfa the field which has failed; (2) applying the 
commercial cultures dried upon cotton; (3) applying living cul- 
tures of Ps. radicicola to the seed; (4) applying soil from an old 
alfalfa field. 

Reseeding with alfalfa It is a common observation that a sec- 
ond trial of alfalfa often succeeds upon a field where the first at- 
tempt was a failure. When the failure is due to a lack of inocula- 
tion, the scattering nodules produced act as centers for multiplying 
the desired germs. When the field 1s ploughed these germs are scat- 
tered broadcast and are ready to enter the roots of the succeeding 
crop. 

Under certain conditions this may be a desirable way of building 
up an inoculation in a small area from which the soil may later 
be used for inoculating large areas. It has the advantage that it 
reduces to the minimum the danger of introducing objectionable 
weeds and pests. Its disadvantages lies in the fact that by such a 
method it may take two or three years before a successful stand can 
be obtained and meanwhile the expense in labor, seed and use of 
ground is considerable. 

Using commercial cultures— The directions accompanying the 
commercial cultures which were upon.the market in 1905 and 1906, 
stated that after being moistened by the solution containing the bac- 
teria the seed should be air-dried in the shade. If the seed was kept 
dry the inoculation would remain active for several weeks. As has 
been shown in detail in Bulletins 270 ‘and 282 of this Station the 
commercial cultures upon the market have been of no practical 
value because they did not carry an appreciable number of living 
germs. Accordingly we did not attempt to test their efficiency by 
field experiments. The wisdom of our action in this respect is 
shown by the fact that all of the agricultural experiment station 
workers*? who have tested these cultures unite in saying that no 
results can be expected from this form of culture. 


—_—— 


” For a list of such Stations see footnote in N. Y. Agr. Exp. Sta. Bul. 282. 
19c6. 
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Inoculation by living. cultures placed upon the secd.— When it 
was found that the commercial cultures did not contain an appreci- 
able number of living Ps. radicicola it was decided to test the effi- 
ciency of the final steps in the proposed process of inoculation by 
treating alfalfa seed with living cultures of this germ. Accordingly 
the seed was treated with the culture, air-dried according to the di- 
rections furnished with the commercial culture and sown in plats 
beside similar plats of untreated seed. 

In order that there should be no question but that the seed was 
treated with an abundance of the desired germs it was all inocu- 
lated at the Station laboratory by M. J. Prucha, Assiscant Bacteri- 
ologist, with a pure culture of Ps. radicicola developed in a nitrogen- 
free medium according to the most approved methods. The culture 
which was used in most cases had been kindly furnished us by the 
U. S. Department of Agriculture as explained in Bulletin 270, page 
361. In other cases we used a pure culture which had been isolated 
from an alfalfa. nodule in our laboratory. 

Twenty-four farmers conducted tests of the efficiency of this 
method of inoculation in 1905. In order that seed from the same 
lot should be used on the inoculated and the uninoculated plats of 
each experiment each of the twenty-four farmers sent a portion 
of his seed to the Station for inoculation. There it was inoculated 
separately and returned by express as soon as thoroughly air- 
dried. The alfalfa seed inoculated in this way amounted to seven- 
teen and one-half bushels. e 

In most cases the test of inoculation upon the seed was conducted 
by the same farmers who were testing the effect of inoculation by 
means of soil and in such cases the check and two test plats were 
exposed to practically identical conditions except in the matter of 
inoculation. 

Of the 24 experiments with inoculated seed but 18 were so con- 
ducted and reported that the results can be relied upon. Twelve 
of these experiments were visited by a Station representative. 

The results of these eighteen tests of the effect of inoculation 
by means of pure cultures of Ps. radicicola placed upon the alfalfa 
seed are given in Table I. 
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The results from the seed-inoculated plats are identical with those 
from the corresponding check plats except in two intsances, those 
of Nevins Bros. and R. A» Husted. The experiment of Nevins 
Bros. was not seen by a Station representative, but from the re- 
ports furnished it would seem that the seed-inoculated plats were 
better than the check plats and were good enough to be considered 
a success. The experiment with Mr. Husted was personally in- 
spected and the seed-inoculated plat was distingtly better than 
the check plat. | 

Aside from these two experiments there is no evidence from 
our experiments that carefully inoculated seed carried enough liv- 
ing Ps. radicicola to be of any use upon the fields; and an examina- 
tion of the plats showed few if any indications of an improve- 
ment resulting from a treatment of the seed with pure cultures of 
Ps. radicicola. The unfavorable result from this method of inocu- 
lation was as unexpected as it was unfortunate. The explanation 
of this rapid disappearance of the germs placed upon the seed has 
been given by Kellerman and Beckwith,?® who pointed out that 
the high osmotic pressures developed in evaporating the solution 
in which the bacteria were grown is quickly fatal to the germs them- 
selves. 

As will be seen from the results from inoculation by means of 
soil, 15 of these farmers had plats inoculated in this manner ad- 
joining the seed-inoculated plats and in ‘all cases except that of 
Mr. Robbins the soil-inoculated plats were a success. Not only 
was a failure transformed into a success by the inoculating soil 
in a number of cases but even on succcessful fields where the 
amount of inoculation naturally present was not up to the full re- 
quirement of the alfalfa, the growth of this plant was noticeably 
stimulated by the application of soil. On the contrary the benefit 
derived from the treatment of the seed with pure cultures of Ps. 
radicicola was so slight in comparison with the good results ob- 
tained from the use of soil that the inoculation of the seed was 
not continued after the season of 1905. 


* Kellerman, Karl F., & Beckwith, T. D. Effect of drying upon legume 
bacteria. Science, N. S., 23: 471-472. 1906. 


Applying soil from an old alfalfa field While very satisfac- 
tory results from this form of inoculation have been reported by 
experiment stations and by individuals, the tests by stations have 
not been planned with the idea of determining the percentage of 
success due to its use, and the private tests have generally been 
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conducted without suitable check plats by which to measure the 
effect. Accordingly we have tested this method of inoculation in a 
considerable number of cases, with an equal number of check plats 
for comparison. The results thus obtained are useful both as an 
indication of what can be expected from the use of soil and also 
as a basis for measuring the relative value of the various other 
methods which have been suggested for producing the inoculation. 

During 1905 we shipped soil to 54 farmers for the purpose of 
making these tests. The soil was obtained from one of our fields 
which had been in alfalfa for a long period and had produced heavy 
crops. Nodules were not easily found upon the alfalfa roots since 
the plants were old and were feeding at a considerable depth. 
The use of the soil from this field the preceding season at the 
rate of 100 lbs. per acre had produced good inoculation. 

Owing to the late cutting of the alfalfa in the fall of 1904 there 
was little aftergrowth and the unusually severe winter of 1904-5 
destroyed practically all of the plants. The results from the use 
of the soil show that the bacteria associated with the alfalfa were 
not destroyed. 

The soil was prepared by removing a little of the surface and 
passing the remaining soil, down to a depth of about a foot, 
through a coarse sieve, in order to remove the small stones and 
put the soil in condition to pass through the fertilizer attachment 
of a seeder. The sifted soil was shipped to the farmers in bags 
or barrels. Each was directed to apply it to a portion of the field 
just previous to sowing the seed, leaving another portion of the 
field untreated as a check. 

The results obtained from thirty-two of these experiments where 


the experiment was properly conducted and reported are given in 
Table II. 
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From the above table it will be seen that among the thirty-two 
experiments cniy eight of the check plats produced enough hay to 
inake them a success while twenty-two of the adjoining plats which 
had been inoculated with soil from our alfalfa field produced 
enough hay to entitle them to be so classed. Since the two kinds 
of plats were in all cases in adjoining pairs and these pairs were 
treated alike except that inoculated soil was scattered over one of 
each pair of plats this difference in production can be correctly as- 
cribed to the influence of the inoculating soil. 

It should be remembered that the land for these experiments was 
selected by the farmers with little or no guidance in the matter 
and was fitted and sown with only very general directions. Some 
of the fields were not adapted to alfalfa on account of the poor 
drainage, while others were put in so hastily that the weeds over- 
ran and choked out the alfalfa. This result was often produced 
by a liberal application of stable manure which, while it added 
fertility, also added weed seed in abundance. 

Profiting by the mistakes which were made in 1905 the experi- 
menters in 1906 were urged to select their land for alfalfa with 
care as to its drainage and to fit it with a view to reducing its con- 
teut of weed seed as much as possible. Of the 67 farmers who were 
furnished with soil 32 conducted their experiments in such a man- 
ner as to give dependable results which are summarized in Table 
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It is seen from this table that while but 5 of the check plats could 
be considered a success, 24 of the adjoining plats to which soil 
had been added produced enough hay to make them profitable. 

Combining the observations for these two years it is seen that 
natural inoculation was noted on all but 5 of the 65 check plats’ 
while the growth of alfalfa was sufficient to be counted as a suc- 
cess on only 13 of these plats. 

The application of inoculating soil to adjoining plats resulted in 
an abundant inoculation in all cases and 46 of these soil-inoculated 
plats produced successful crops of hay. 

Comparing the results from the inoculated and the check plats 
it is seen that there was an increase in successful fields among the 
latter of 33 out of a total of 65. As the check and the inoculated 
plats were adjoining arid had been treated alike, except in the 
matter of inoculation, this improvement may be justly ascribed to 
the application of the inoculating soil. 


CONCLUSIONS: 

A clear distinction should be made between the presence of nod- 
ules on a few plants in a field and the presence of sufficient in- 
oculation to insure a successful crop so far as it is affected by this 
factor. Some nodules were found on practically all of our check 
plats while but 15 of these plats produced successful crops. The 
results from the adjoining inoculated plats show that 33 of these 
65 check plats failed because they did not contain a sufficient 
amount of inoculation. From these results it will be easy to under- 
stand why, before attention was given to inoculation, alfalfa grow- 
ing outside of certain regions was generally considered a hopeless 
undertaking. 

The importance of inoculation is shown by the fact that where 
inoculating soil was applied 33 of the experimental fields were 
changed from a failure to a success. Instead of 13 successes as 
shown by the check plats there were 46 among the soil-inoculated 
plats. 

Reduced to farm practice this would indicate that without the 
application of artificial inoculation alfalfa growing on carefully 
selected land is a very uncertain proposition with the chances 4 to 
I against success. Where inoculating soil has been applied to 
ground which has been carefully selected alfalfa growing becomes as 
certain of success as almost any of our common crops. 





“There were two additional check plats among the experiments with 
germs placed upon the seed. 
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THE BACTERIAL FLORA OF CHEDDAR CHEESE.* 
H. A. HARDING AND M. J. PRUCHA. 


SUMMARY. 


1.— Recent developments in bacteriological technique have per- 
mitted a more intensive study of the flora of cheddar cheese than 
was previously possible. However, it is not yet certain that all the 
forms active in the cheese will grow upon our present culture 
media. 

2.— A quantitative and qualitative study of the bacterial flora 
-has been made during the ripening period in nine normal cheddar 
cheeses. Seven of these were manufactured under commercial con- 
ditions and represented four first-class factories. 

3.— The quantitative changes go through a similar cycie in all 
cases but different cheeses vary widely both in the total number of 
germs present and in the age at which the maximum content is 
attained. There is no evident connection between the number of 
bacteria present and the rate at which the cheese ripens. When 
commercially ripe, a cheddar cheese usually contains some millions 
of living bacteria per gram. 

4.— More than 300 pure cultures were isolated and finally re- 
duced to 33 groups according to the classification of the Society 
of American Bacteriologists. Ten of these groups disappeared 
from the cheese at once; representatives of 9 other groups were 
found in but single cheeses, although each group persisted for some 
time in the cheese where found; the remaining 14 groups are the most 
important members of the cheese flora. The Bacterium lactis acidi 
of Leichman, which includes 4 of these 14 groups, is the only spe- 
cies which was always found and it practically always included over 
gg per ct. of the total germ content. 


INTRODUCTION. 


The work here reported is a part of the investigation of cheese 
ripening which is being conducted jointly by the Dairy, the Chem- 
ical and the Bacteriological Departments of this Station. The re- 








* A reprint of Technical Bulletin No. 8. 
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sults of these investigations have appeared in a series of bulletins? 
of which this is a continuation. Before discussing the part taken 
by bacteria in the ripening process it seemed necessary to deter- 
mine as accurately as possible what kinds of bacteria are present in 
the cheese. This bulletin gives the results obtained from an in- 
tensive study of this phase of the problem during the past four 
years. 

The changes which take place in ripening cheese have been the 
object of many investigations. These changes are known to result 
from the combined action of a number of factors, of which bac- 
teria and enzyms are considered the most important. 

All attempts at determining the part taken by bacteria in the 
changes in cheese have been handicapped by a lack of accurate in- 
formation concerning the bacteria which are active during the rip- 
ening period. This lack of knowledge has not resulted from a fail- 
ure to appreciate the value of such information but rather from 
the difficulty of acquiring it. 

In the case of the cheese flora this difficulty is a very real one. 
The organisms which grow best in milk and its products do not 
flourish upon our artificial media and some forms do not grow 
there at all under ordinary conditions. Even when pure cultures 
have been obtained they are frequently lost before many observa- 
tions have been made upon them. 

ln morphology, many of these cultures are so near the horder 
line that a separation into the conventional coccus or bacillus is 
difficult; while their physiology is so variable that one wavers be- 
tween the extremes either of putting them all into a single species 
or of making as many species as there are cultures. The universal 
acceptance of species as the unit of biological classification at pres- 
ent requires its use here although the concept upon which it was 
founded can not be applied to bacteria. 

Species, as it was originally conceived and as it is at present used 
in the case of the higher plants and animals, is based primarily upon 
morphological similarity coupled with the ability to produce fertile 
offspring by sexual reproduction. In the case of bacteria the mor- 
phological basis for comparison or separation into species is slighr, 
and in the case of the cheese flora is reduced almost to the vanish- 
ing point; while sexual reproduction is entirely lacking in the 
whole bacterial group. ie 





a. ok. Aor. Exp, Sta; <Biles202;, (1007 ).;. 254, 215, 210, (1902)5 2313;.233, 
230,237, (1903); 245,<(1904).;) 261, (1905); Tech. Buls.\3, (1906)/; 4575, 
6, (1907). 
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Peculiar pathogenic power characterizes many of the forms which 
were early designated as species. This characteristic was service- 
able both because it was easily recognizable and because it was the 
most important fact in connection with the organism. In the ab- 
sence of some single, definite characteristic, recourse has been had 
to reactions to various culture media. The difficulty here en- 
countered is that such reactions are often but an expression of the 
present physiological condition of the organism, this condition hav- 
ing been largely determined by the treatment to which the organism 
had been previously exposed. The examination of a large number of 
related species each of which is represented by a number of sub- 
cultures or strains will often furnish such a complete series of re- 
actions that no satisfactory division into species can be made. 

The initial flora of milk varies widely depending upon its en- 
vironment. When this milk is made into cheese the accompanying 
changes in temperature, moisture and acidity induce a rapid shift 
in this flora. The undeveloped condition of our classification and 
the difficulty of keeping living cultures of many of the forms until 
they can be directly compared with cultures isolated at a later 
date have, until recently, made it practically impossible to follow 
this change. 

When the study of germ life in any realm of nature is under- 
taken, attention is first concentrated upon finding media and con- 
ditions suitable for the growth of the germs present and the rela- 
tive success of various efforts in this direction is measured by the 
number of colonies which develop. Thus the first work is quanti- 
tative. When some measure of success has been attained in this 
line attention is next fixed upon so modifying the conditions as to 
make possible the division of the germs present into groups; that 
is, the work becomes qualitative. 

Up to 1904 our study of the bacteria in cheese was largely quanti- 
tative although we frequently isolated pure cultures and recorded 
their reaction upon various media. The improvements suggested 
by Conn & Esten? in the preparation of litmus gelatin, together 
with the beginnings of a classification which had then been made, 
encouraged us to undertake an intensive study both of the kinds 
of germs and the relative numbers in which they were present at 
various stages in the ripening of cheddar cheese. While the re- 








*Conn, H. W., and Esten, W. M. Qualitative analysis of bacteria in 
market. milki;..Conn. Agr:sExp:) Sta. (Storrs) sAmS Rptsers52863-01.. stood: 
see page 82. 


New YORK AGRICULTURAL EXPERIMENT STATION. 51 


sults from our use of litmus gelatin did not come up to our ex- 
pectations the progress which has been made in the line of classi- 
fication has been a constant source of encouragement. 

The fact is being recognized that it is its physiological activity 
rather than its ancestry which makes a form distinctive. The 
newer systems of classification tend to emphasize this fact in a 
way that was difficult as long as forms were merely referred to an- 
cestral types. The plan of Fuller & Johnson? and Conn’s* first 
classification aimed to separate the organisms into closely related 
groups. The proper group to which an unknown culture belonged 
having been determined, there remained the problem of establish- 
ing its relation to the small number of related species which com- 
pose the group. The later work of Conn® arranged the germs by 
types, each of which received a name like that formerly applied 
to a species. In the classification now in process of construction 
by the society of American Bacteriologists the aim is to reduce cul- 
tures to physiological groups, each group and its subdivisions to 
be designated numerically in a manner similar to the numbering 
of the books in a library. Whenever convenient, the species name 
may be retained for its appropriate group. 

From what has been said it will be evident that our present re- 
sults must be looked upon as a provisional treatment of the sub- 
ject. It is believed that they mark a step in advance in our knowl- 
edge of the bacteria in cheese, but nothing approaching an ade- 
quate treatment can be expected until the technique is improved 
to the point where a culture can be quickly and accurately assigned 
to its proper place in a satisfactory classification. Then examina- 
tions may be made at sufficiently short intervals to catch the 
various phases of the shifting panorama of germ life in the ripen- 
ing cheese. Until such information is at hand regarding this im- 
portant factor of cheese ripening, attempts at explaining the changes 
which take place in the formation of cheese will be only shrewd 
guesses. 
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* Fuller, G. W., and Johnson, Geo. A., Proc. Amer. Pub. Health Asso., 25: 
580-586. 1809. Similar data in Jour. Exp. Med. 4: 609-626. 1899. 

*Conn, H. W. Classification of dairy bacteria. Conn. Agr. Exp. Sta. 
(Storrs) An. Rpt., 12: 13-68. 1899. 

®Conn, H. W., Esten, W. M. and Stocking, W. A. A classification of 
dairy bac‘eria. Conn. Agr. Exp. Sta. (Storrs) An. Rpt., 18: 91-203. 1906. 
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enabled us to extend our studies to the product of their respective 
factories. 

Our colleague, Mr. Geo. A. Smith, has materially aided us both 
by the preparation of experimental cheeses and by the scoring of 
those obtained from the above sources. This parallel study of 
the flora and of the commercial quality has been one of the most 
interesting features of this investigation and it was only made pos- 
sible by the cordial assistance of Mr. Smith. 

We are also deeply indebted to Dr. H. W. Conn, whose recent 
studies of dairy bacteria have especially fitted him to criticise these 
results and who has been so kind as to give us the benefit of his 
point of view. 


HTSTORICAT: 


Studies of the bacteria in cheese have, uniformly, been conducted, 
and in most cases have been described, as incidental to the larger 
question of cheese ripening. At times these two questions have 
been considered as identical. . 

While the work of Duclaux® marks the real beginning of the 
attempt to sort out and arrange the germs in question, the tech- 
nique at that time permitted only faint glimpses of the real situa- 
tion. Solid culture media with their resulting possibilities for 
quantitative work and the isolation and classification of pure cul- 
tures were as yet undiscovered. It was then necessary to relv 
largely upon microscopic observation of liquid cultures in order to 
determine their purity and it was but natural that the larger motile 
forms should be first recognized. The minute, immotile, lactic 
forms which really made up the bulk of the flora were commonly 
overlooked. 

In the absence of any exact knowledge of the species present it 
was natural that the workers should rely upon general deductions 
from the characteristics of groups of forms. Thus the analogy 
between the breaking down of the casein in cheese and the changes 
observed in milk cultures of enzym-forming bacteria led Duclaux 
to suggest that these forms were the cause of cheese ripening. In 
his opinion, the constant presence of such forms 1 in cheese rendered 
the causal relation practically certain. 

It should be remembered that Duclaux worked with the semi- 
soft cantal cheese while the later studies have been made on en- 
tirely different kinds representing for the most part the various types 








*Duclaux, E. Ann. agron., 1878-1882, also Le lait, Etudes chimiques et 
micrcbiologiques. Paris. Bailliére. 1807. 
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of hard cheese. It was the conclusion of Duclaux that the ripen- 
ing of cheese was due to the enzyms formed by the bacteria which 
he had isolated. Since this was the first theory concerning the 
relation of bacteria to cheese ripening which rested upon any ex- 
tended study of the germ content it was generally accepted as ap- 
plying to all forms of cheese and must still be considered as one of 
the current theories on the subject. 

Taking advantage of solid media Adametz’ in 1889 reported upon 
the bacteria of emmenthaler cheese and “ Hauskase.”’ His observa- 
tion that the larger part of the germs present decomposed sugar 
with the formation of acid laid the foundation for the theory that 
the bacteria of the acid-forming group were responsible for the 
ripening changes in cheese. 

Here, again, the inability to treat the subject upon the basis of 
species forced the classification back to that of general groups. 
The selection of acid formation as a group characteristic in this 
case was unfortnnate; as the work of Smith’ and others has shown 
that in the presence of sugar practically all bacteria form acid, 
the apparent variation in its formation being largely due to a si- 
multaneous production of other neutralizing compounds. | 

For nearly twenty years the students of this subject have been 
divided into two camps, one holding that cheese-ripening is due 
to the enzym-forming bacteria, the other that it is due to the acid- 
forming group. During this time neither camp has succeeded in 
demonstrating that its view is right or that the other is wrong. 
Von. Freudenreich? has been the leading exponent of the lactic- 
acid theory while Adametz!®? and Weigmann!! have led in the sup- 
port of the theory of bacterial enzyms. During this controversy 
the study of the flora consisted mainly in a quantitative determina- 
tion of the numbers of each of these two large groups at various 
stages in the ripening process, supplemented by studies of the phys- 
iological activity of representatives of each group. Thus von Freu- 
denreich!? showed that lactic-acid bacteria could render casein 








* Adametz, L. Bakteriologische Untersuchungen tiber den Reifungspro- . 
zess der Kase. Land. Jahrb., 18: 227-270. 1880. 

“Smith, Theo. Ueber die Bedeutung des Zuckers im Kulturmedien fiir 
Bakterien. Cent. Bakt., I Abt; 18: 1-9. 1895. 

*y. Freudenreich, Ed. Ueber die Erreger der Reifung bei dem Emmen- 
thaler Kase. Cent. Bakt., II Abt, 3: 231-235. . 1807. 

® Adametz, L. Sind Milchsaurebakterien oder Tyrothrixarten die Erreger 
von Reifurg und Aroma beim Emmenthalerkase? Milch Ztg., 29: 753-754. 
1G00. 

“Wegrann, H. Handbuch der technischen Mykologie, 2: 168. 1906. 

™ See rote 9. 
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soluble in the presence of chalk, and he and Russell & Wein- 
zirl’® made experimental cheeses to which they added starters of 
various organisms. ‘These and other investigators have attempted 
to work out the flora more in detail but the methods at their dis- 
posal were not equal to the task. 

Gradually it is coming to be recognized that representatives of 
both of these bacterial groups may function in the ripening proc- 
esses. Gorini!* has pointed out that the division between enzym- 
forming and acid-forming bacteria is not clear cut but that there 
are many bacterial forms in cheese which produce appreciable 
quantities of both acid and enzyms. He has striven to show that 
the group having these two characteristics in common is particu- 
larly important. 

This bulletin marks the application of an improved technique to 
this complex question and it is believed that it thereby furnishes 
more exact and detailed information regarding the bacterial life 
of the cheese than has been given by previous workers. 


GHEER SHS sel CGE: 


KIND. 


As we intended to study the flora of cheddar cheese, all of the 
cheeses used were good examples of full cream American cheddar 
and were made in accordance with the approved methods by ex- 
perienced makers. As they ripened they proved to be of very high 
quality, being practically free from any unusual flavors or other 
defects. 

The cheeses VIIJ and X were pressed. in the form of Young 
Americas, each weighing about 10 pounds; while the remainder 
were what is termed “ flats,” ranging in weight from 32 to 40 
pounds. Our object in working with these large cheeses was to 
have a mass sufficiently large to ripen normally in spite of repeated 
sampling. 

ORIGIN. 

In order that these cheeses should represent more than the flora 
of our own dairy we obtained cheese from four commercial fac- 
tories, all of which are characterized by a very fine product. Cheeses 


* Russell, H. L. and Weinzirl, J. The rise and fall of bacteria in cheddar 
cheese. . Cent. Bakt., II Abt, 3: 456-467. 1897. 

*Gorini, C. Ueber die saure labbildenden Bakterien der Milch. Cent. 
Bakt., II Abt., 8: 137-140. 1902. 
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I, III and IV were furnished by Mr. H. E. Cook from the factory . 
at Denmark, and cheese II from the factory at Copenhagen, cheeses 
V and IX by Mr. G. Merry from Verona, cheese VII by Mr. 
E. L. Jones from Delevan, while cheeses VIII and X were made 
by our Dairy Expert in our own dairy. © 


RIPENING CONDITIONS. 


The factory-made cheeses were shipped to us by express, usually 
as soon as they were taken from the press, but in a few cases they 
were subjected to a slight delay. They were dipped in hot paraffin 
before they were placed in our curing room. 

The curing room was cooled by the ammonia process and the 
temperature regulated automatically with a daily fluctuation of 
about 3 degrees F. under favorable conditions. Owing to accidents 
to the machinery the temperature varied considerably with some of 
the cheeses. The temperature of ripening is accordingly given in 
connection with each cheese. 


TECHNIQUE OF INVESTIGATION. 


TAKING SAMPLES. 


Samples for analysis were taken when the cheese was ready to 
go into the curing room and thereafter at stated intervals. In tak- 
ing a sample a square inch of the layer of paraffin and the rind was 
first removed with a sterile knife, then a plug about four inches in 
length was drawn with a carefully flamed and cooled cheese tryer. 
Von Freudenreich and Harrison and Connell’ have shown that the 
bacteria are not evenly distributed in the different layers of the 
cheese and in order to get a representative sample we have followed 
the suggestion of Harrison & Connell and used a number of thin 
slices from the different parts of the plug. One gram of these 
slices was weighed out on a flamed copper foil, using a sensitive 
balance. The sample was then triturated in a flamed mortar with 
Io grams of sterile granulated sugar or finely ground sterilized 
quartz. (Sugar was used with the first five cheeses and’ quartz with 
the others. Sugar is preferable in that it goes into solution when 
the ground mass is diluted with water, thereby facilitating the trans- 
fer of representative portions to the plates. This same property 








* Harrison, F. C. and Connell, W. T. A comparison of the bacterial 
content of cheese cured at different temperatures. Cent. Bakt., 11 Abt., 11° 
637-657. 1903. 
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-renders it less efficient as a grinding medium in the case of new 
cheese which is both very tough and high in moisture. Here the 
quartz is decidedly preferable. As the cheese becomes older it 
softens and then can be. ground much better with sugar than with 
quartz. Care was taken to have the room in which the work was 
done as free from dust as possible and all utensils coming in con- 
tact with the cheese were either sterilized in the ordinary way or 
their surfaces were carefully flamed over a bunsen burner. There 
remains the objection that the material was exposed to the air for 
some minutes during the weighing and grinding. At most, the 
germs falling from the air were not numerous and with the high 
dilution necessitated by the germ content of the cheese there was 
slight chance of more than a single germ from the air appearing on 
any of the plates. In selecting colonies for further study only those 
were taken which represented two or more colonies on the plate. 
Thus we ifeel fairly certain that the germs to be later described 
represent forms which were present in the cheese when the sample 
was taken. 

It is a matter of common observation that cheeses which are 
sampled often do not ripen normally, due largely to the loss of mois- 
ture and the introduction of molds. Our method of overcoming 
this objection to frequent sampling was to fill the place from which 
the plug had just been taken with melted paraffin. While the heat 
from this paraffin slightly affected the texture of the cheese at the 
surface of the hole, plugs later drawn from the immediate vicinity 
showed no bad effects either in texture or flavor. The paraffin en- 
tirely prevented the entrance of molds. | 


DILUTIONS. 


The sample of freshly ground cheese was diluted with 30 cc. of 
sterile distilled water. This water was added gradually toward the 
close of the grinding process and the aim was to form an emulsion. 
The success in making a good emulsion varied with the age of the 
cheese, it being difficult to produce with a young cheese and easy 
with an old one. A measured amount of the emulsion was quickly 
transferred to a water blank from which the desired dilution was 
prepared. 

In calculating the dilution of cheese sampled in this manner two 
methods are in use. According to one method the dilution is com- 
puted ‘solely on the basis of the volume of water added in the 
grinding process while according to the other the proportionate 
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amount added to a plate is figured on the basis of the total volume 
present at the end of the grinding process. The former method is 
the more convenient as the dilution factor can be figured in advance 
and the dilution is always expressed in round numbers. According 
to the second method the actual volume of the emulsion is de- 
termined and this value used in the computation. In our work we 
followed the latter method and as the average determined volume 
of the emulsion, when 30 cc. of water had been added, was 33 cc., 
our numerical results are 10 per ct. higher than they would have 
been if calculated on the other basis. 

Green cheese has a very large germ content, one of those studied 
showing 178 millions per gram. As the cheese ripens the germ 
content diminishes until in a ripe cheese only a few thousand per 
gram may be found. In order to get a good development of the 
colonies and thereby assist in the provisional separation into kinds 
of germs present there should be only a few hundred colonies on a 
plate. Accordingly, the amount of dilution is of considerable 1m- 
portance. It has been the practice in this work to make at least six 
dilutions ranging from 1I-—1000 to I—200000 and three sets of such 
dilutions, 18 plates, were made from each sample. 

While these high dilutions provide for the formation of char- 
acteristic colonies they have the disadvantage of cutting out those 
forms which are present in the cheese in comparatively small num- 
bers. The occasional representative of these scattering forms which 
appear upon the plates ‘can not be distinguished with certainty from 
the occasional isolated colony brought in accidentally from the air, 
and is accordingly rejected. There seems to be no satisfactory 
remedy for this difficulty since with less dilution these forms are 
either crowded out or are overlooked on account of the small size 
of the colonies on heavily seeded plates. A partial remedy is found 
for certain classes where special treatment reduces the competition ; 
as where the material is heated to kill all but the spores, sugar is 
omitted to discourage the acid formers or sufficient acid is added to 
inhibit all but the yeasts. 

; MEDIA. 


One of the most striking characteristics of the majority of the 
germs from cheese is the feebleness with which they grow on 
ordinary solid culture media. In fact advance in our knowledge 
of the cheese flora is closely associated with improvement in the 
preparation of media for such study. Thus far no one has found a 
medium upon which all of the forms present would develop satis- 
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factorily and simultaneously. Accordingly we have been compelled 
to use a number of media. 

Our quantitative determinations were largely made upon whey- 
litmus gelatin. More colonies developed from cheese samples on ~ 
this medium than on the standard lactose gelatin. By its use most 
of the acid-forming bacteria can be distinguished from those that do 
not have this power. We did not observe that the litmus in this 
medium had any influence on the size, shape or structure of the 
colonies. In some cases it was observed that the color of some of 
the chromogenic bacteria tended to be obscured by the color of the 
litmus. A sugar-free medium was employed when searching for 
the liquefiers and non-acid-formers since many of these are sensitive 
to the acid which is developed from sugar in the medium by the 
lactic germs. Most yeasts thrive on cane sugar and tolerate an 
acid reaction so strong as to inhibit bacteria. From some of the 
cheeses we inoculated a series of plates of cane sugar media and 
added from 1 to 6 drops of a 25 per ct. tartaric acid solution to 
each plate at the time it was poured. For the sake of brevity and 
exactness the composition of these various media is summarized 


as follows: 
MeprAa UsEep IN INVESTIGATION. 
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The plan of denct ng the different media by numbers has been 
found useful in both laboratory work and in records and will be 
followed in this publication. In this media record the digit signifies 
the form of medium as bouillon, gelatin or agar. The first decimal 
place gives the kind of.sugar employed and the second decimal place 
is left for other variations. Thus 2.00 signifies the plain peptone 
gelatin, 2.30 the same medium with the addition of cane sugar while 
2.31 is used for the latter medium when made without adjusting the 
reaction. 

We have followed the suggestions of the committee on standard 
methods of the American Public Health Association’® as reported in 
1904 in the preparation of our media except that we have uniformly 
used Liebig’s beef extract and sodium chloride and unless otherwise 
stated have titrated to a standard reaction of + 1.5 per ct., that is 
of 15 cc. normal acid to the litre. Titrations were made with hot 
solutions using N/1o sodium hydroxide and phenolphthalein. 

Medium 2.22.— This is our plain peptone gelatin. It was rarely 
employed except to test liquefaction in the work of classification. 

Medium 2.02.— This differed from the above medium only in its 
reaction, being made neutral. We used it for plating out cheese 
samples when studying the liquefiers and non-acid-producing 
bacteria. | 

Medium 2.22.— This was the principal medium used for both 
quantitative and differential study. In preparing plates with 
meditim 2.22 each plate received 1 cc. of the cheese emulsion, I cc. 
of the litmus solution and 8 cc. of the whey gelatin. The plate ac- 
cordingly contained approximately I1 per ct. gelatin. 

Preparation of the whey Three hundred cc. of sour milk was 
mixed with to litres of fresh, skimmed milk and the mass coagu- 
lated with 5 cc. of rennet extract. The coagulum was cut up finely 
and allowed to stand 1 hour. After being drained off and sterilized 
the whey was ready for use. 

Preparation of the litmus solution— One hundred grams of dry 
litmus cubes was added to 500 cc. of distilled water. This was held 
24 hours at 37° C. after which it was filtered and the reaction of 
the filtrate adjusted to + 1.5 per ct. after the method suggested by 
Conn & Esten.!’ This litmus solution was sterilized in test tubes 
for 30 minutes in the steamer on three successive days. 


* Report of the Committee on Standard Methods of Water Analysis to 
the laboratory section of the Amer. Pub. Health Asso. Journal of Infectious 
Diseases. Supplement No. 1, May, 1905. 

* See note 2. 
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Medium 2.31.— This was the medium used in isolation of yeasts. 
Mcdium 3.00.— This is our plain peptone agar and like 2.00 was 
little used in these studies. 


COUNTING. 

The plates made as above described were ordinarily held ten days 
in the laboratory before counting. The temperature approximated 
70° F. (21° C.) but varied 10 degrees from this at different seasons 
of the year. The average of the numbers found on the plates at 
the end of ten days was taken as the germ content of the cheese at 
the date of sampling. The counting was done with a hand lens 
magnifying 4 diameters and in most cases the entire number on the 
plate was enumerated but where the numbers present were exces- 
sive the counting was restricted to ten square centimeters or in some 
few instances was done under the microscope using a magnification 
of 10 to 20 diameters. The ease and accuracy of the hand counting 
was increased by using a glass plate ruled in square centimeters and 
fractions as a guide and by an automatic recorder for enumerating 
the colonies. After the plates had been counted for total numbers 
they were recounted to find the number of each of the types of } 
colonies represented. 


DIFFERENTIATION OF TYPES. 


The colonies on the plates were studied with a view of recog- 
nizing and isolating all the different types of germs. This dif- 
ferentiation of bacteria by means of the colany growths on the 
gelatin plates was one of the most important parts of our work. 
Solid media, gelatin in particular, are universally used by bacteri- 
ologists for differential study. While the gelatin medium is a great 
improvement over the liquid media used by Duclaux in his cheese 
investigations, it has its limitations. 

A large number of forms necessarily find their way into the milk 
during its collection and its manufacture into cheese and they de- 
velop there at different rates depending on how well they are 
adapted to the conditions which prevail. When a sample of the 
cheese is plated it is probable that not all of the classes of germs 
present will be represented by colonies on the plate owing to the 
dilution used. In this work the dilutions in each cheese ranged 
from I-1000 to 1-200000. The kinds present in the cheese in num- 
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bers per gram approximating less than the above dilution would 
usually be overlooked. 

The differentiation of those bacteria that develop colonies on the 
gelatin plates is based on their production of acid, of liquifying 
enzym or of some characteristic appearance in the colony peculiar to 
the particular type of organism. 

It is fairly easy to separate the acid-producers from those that 
do not possess that power. This may be done by the addition of 
calcium carbonate or litmus to the gelatin. We used litmus in our 
work. The litmus must be sensitive, otherwise the weak acid- 
producers may not be recognized. The condition of the organisms 
at the time of plating the sample also seems to affect the results. 
An illustration of this is found in the case of old cheese. Many of 
the lactic organisms become weakened after the cheese has been in 
the curing room for three or four months. When a sample is 
plated from such cheese these organisms often fail to develop 
enough acid to turn the litmus red. 

The separation on the basis of the liquefication of gelatin is a 
fairly accurate method but the group classed as slow liquefiers may 
be often overlooked. The ability of the liquefiers to produce pro- 
teolytic enzyms is subject to variations which afte not yet fully 
understood. The presence of sugar impedes the liquefaction and 
slight variations in the composition or reaction of the media may 
entirely inhibit it. 

After all the colonies had been separated into four classes by 
means of the acid production and liquefaction further subdivision 
was necessarily based upon differences in size, shape, structure and 
color. These latter characteristics are subject to greater variation 
than either the acid production or the liquefaction, so that here the 
personal equation was necessarily large. Jn order to reduce the 
danger of missing any species present on the plate our aim was to 
recognize more types than were present, the recognition being based 
on very slight variations such as may be found among colonies on a 
plate prepared from a pure culture. We checked the possibility of 
including different species under a single head by isolating two or 
more pure cultures of each provisional group, and relied upon the 
system of classification, to be later described, to determine the dupli- 
cates. While we recognize the limitations of separating bacteria 
into species by means of the methods mentioned above we feel fairly 
certain that we missed very few important species of bacteria among 
those that developed on the plates. 
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CLASSIFICATION. 


A convenient and rapid method of reducing unknown cultures to 
clear-cut and closely related groups is the end toward which bacteri- 
ologists are striving. The more nearly these groups approximate 
our present conception of species the better. 

An attempt at classifying dairy bacteria was made in 1899 by 
Conn.18 He separated them into Io groups, 3 of which were 
characterized by their chromogenesis—red, orange and yellow 
forms. The remaining organisms were divided into 7 groups on the 
basis of their morphology, liquefaction and spore formation. These 
characteristics could be quickly determined (in many cases the 
assignment to groups could be made from the original plates) but 
owing to the small number of groups the final problem of classifying 
the members of a group was not an easy one. 

In 1g06 Conn?® brought out a more detailed classification of dairy 
bacteria which recognized 115 groups and about 160 types. In this 
connection he disavowed any attempt to make use of the term 
syecies. This publication marked a distinct advance in the knowl- 
edge of the subject and it has been of much assistance to us in our 
study of the cheese flora. The described types cover the field so 
completely that among the large number of cultures isolated in con- 
nection with our present study all but one were included in Conn’s 
list. 

The principal criticism of his system as it now stands is that 
many of the types are too inclusive. Our accumulation of cultures 
of a single type in one case amounted to nearly 100 and they 
naturally fell into a number of subtypes. - Even with a much smaller 
number of cultures well marked differences were observable. One 
type, Micrococcus varians, is well named; since the seven cultures 
which were studied are distributed among four different group num- 
bers. Exception might also be taken to some of the characteristics 
used in separating groups. Viscosity, character of colony growths, 
and the character of the curd produced in milk seem to us as most 
open to the objection that discordant results would probably be ob- 
tained by different workers. ) 

Conn’s classification is an adaptation to bacteria of the conven- 
tional botanical description accompanied by a key quite similar to 
that in Gray’s Manual. Simultaneously there has been taking form 


See note 4. 
7 See note 5. 
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a system which is an adaptation of the Dewey system of classifying 
books, printed upon cards. It is an answer to the imperative need 
which has been felt of a means by which a rapid comparison can be 
readily made between cultures. 

Fuller & Johnson?° showed that the most stable characteristic of 
cultures of water bacteria could be conveniently printed upon a card 
and the reaction of given cultures indicated by + or —as the facts 
required. Conn adopted this method in connection with his first 
work upon dairy bacteria, extending somewhat the list of reactions 
there recorded. 

Gage & Phelps*! markedly extended the range of the card record. 
they added an ingenious plan of expressing numerically the reaction 
of the organism under groups of conditions so that 91 possible re- 
actions were recorded under 15 headings. At the same time, in con- 
nection with Kendall,” they introduced the use of group numbers 
which expressed the most important characteristics of the cultures 
in a form which permitted the orderly arrangement of the cards 
and the quick finding of duplicates. 

Kendall proposed a numerical system of recording the minute de- 
tails of culture growths. This extension in the matter of detail be~ 
fore there is agreement as to which are the more important culture 
differences simply increases confusion in the present state of the 
science. The time will undoubtedly come when this plan will be 
found useful in recording the influence of environment upon the 
details of culture growth. . 

Recognizing the value of these attempts at bringing order out of 
chaos the Society of American Bacteriologists appointed a commit- 
tee to draw up a card which should embody the maximum number 
of good features. This committee reported at the Ann Arbor meet- 
ing in 1905 and the New York meeting in 1906 and presented a 
card which the Society adopted provisionally. The committee was 
retained with instructions to improve the card as opportunity 
offered. An improved card was presented and adopted at the Chi- 
cago meeting in 1907. 


7» See note 3. 

“1 Gage, S. DeM. and Phelps, E. B. On the classificaton and identifica- 
tion of bacteria with a description of the card system in use at the Lawrence 
Experiment Staticn for records of species. Proc. Amer. Pub. Health Asso. 
28: 494-505. 1903. 

* Kendall, A. I. A proposed classification and method of graphical tabu- 
lation of the characters of bacteria. Proc. Amer. Pub. Health Asso. 28: 


481-493. 1903. 
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A NuMERICAL SySTEM CF RECORDING THE SALIENT CHARACTERS OF AN 


Group 
100 


200. 
10. 
20. 
30. 


| 
: : 


Oo 990 9 


number 


.co4* 
.COOI 
.0002 
.c003* 
.OdCOI 
.09002 
.00203 
.03004 
.00005 
.00006 
.0C007 
.00028 
.00009 
.COI09 
.COOOdI* 
.000072* 
.000903* 
.0900001* 
.0900002* 
.0C00903* 
.oco0004* 


ORGANISM, 
Endospores produced 
Endospores not produced 
Aerobic (Strict) 
Facultative anaerobic 
Anaerobic (Strict) 
Gelatin liquetied 
Gelatin not liquefied 
Acid and gas from dextrose 
Acid without gas from dextrose 
No acid from dextrose 
No growth with dextrose 
Acid and gas from lactose 
Acid without gas from lactose , 
No acid from lactose 
No growth with lactose 
Acid and gas from saccharose 
Acid without gas from saccharose 
No acid from  saccharose 
No growth with saccharose 
Nitrates reduced with evolution of gas” 
Nitrates not reduced 
Nitrates reduced without gas formation 
Fluorescent 
Violet chromogens 
Blue - 
Green 
Yellow 
Orange 
Red i‘ 
Brown a 
Pink i 
Non-chromogenic 
Diastasic acticn on potato starch, strong 
Diastasic action on potato starch, feeble 
Diastasic action on potato starch, absent 
Acid and gas from glycerine 
Acid without gas from glycerine 
No acid from glycerine 
No growth with giycerine 


ee 


e 


The genus according to the system of Migula is given its proper symbol 
which precedes the number thus: 





Bacittus cott (Esch.) Mig. becomes B. 222.1I11102 
BACILLUS ALCALIGENES Petr. ” B. 212. 333102 
PSEUDIMONAS CAMPESTRIS (Pam.) Sm. cs Ps.. “22BIRSa3551 
BACTERIUM SUICIDA Mig. Bact. 222.232”03 


*These items were added to the group number in 1907 and have not been 
used by us in this work. 
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This card consists of three essential parts: (1) A group number 
(see p. 64) as suggested by Gage, which records the more im- 
portant facts regarding an organism and provides a means of ar- 
ranging the records so that duplicates can be found readily; (2) a 
brief characterization (see page 116) which may be filled in by 
means of + or — as suggested by Fuller and Johnson and which 
serves as a further means of comparing germs with the same group 
number; and (3) a provision for tersely recording the detailed 
features of cultures upon the common media as suggested by 
ester 2 

The significance of each figure in the group number as endorsed 
by the Society of American Bacteriologists at its annual meeting in 
December, 1907, is shown by the key given on the opposite page. 

Our records of the cheese flora were begun with Conn’s modifica- 
tion of Fuller and Johnson’s table but were largely entered upon a 
card prepared by Conn as a modification of Gage’s card. This card 
furnished practically all of the data called for by the Society card of 
1906 aside from the detailed features of the culture growths. As 
soon as the Society cards were available in 1906 the work was con- 
tinued with them and the records transferred from the other cards. 
The Society card of 1907 appeared too recently to be utilized in this 
study. However it differed from the former card mainly in calling 
for additional items and in an extension of the group number as in- 
dicated above. While the lack of some of the data for this Society 
card is regrettable sufficient are at hand to characterize the cultures 
to an unusual extent. 

As has been explained, pure cultures were obtained from two or 
more colonies representing each type present on the plates at each 
analysis. The purity of these cultures was first tested and their 
group number determined except that relating to lactose and saccha- 
rose. At this point cultures which gave every appearance of being 
duplicates were rejected and further studies confined to a single 
_representative of each type. These selected cultures were tested 
with regard to practically all of the points called for by the classifi- 
cation card. 

In the presentation of our results it has seemed best to follow the 
Society card in designating the types of germs present. Accord- 
ingly, in the discussion of the individual. cheeses the germs will be 
referred to by their group number and additional data regarding them 


> Chester, F. D. A manual of determinative bacteriology. New York: 
Macmillan. gol. 
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will be presented in the table on page 116. As an assistance in 
comparing our results with those of earlier workers the name of 
the organism according to the classification of Conn is also given. 
This double presentation serves to bring out the advantages and 
limitations of both systems of nomenclature. 


DETAILED STOLE S OF Choirs. 


CHEESE 4.6 I. 


This study of the cheese flora was begun with Cheese 4.6 I which 
was made January 23, 1904, at the Crown Brand Factory, Denmark, 
N. Y., and arrived in our laboratory four days later. A sample for 
analysis was taken immediately and the cheese was dipped in hot 
paraffin and placed in the curing room at approximately 60° F. 
(15.5° C.). This 40 lb. cheese was under observation 136 days, 12 
samples being taken during that period. It was a good example of 
cheddar cheese made for home trade and when fully ripened from 
the commercial point of view at 60 days scored 97%. 

All of the samples were plated upon medium 2.22 but for com- 
parison plates were also made upon media 2.00, 2.20 and 3.20. ‘The 
highest counts were uniformly obtained upon 2.22 and the other 
media did not seem to offer any additional advantages. 

Qualitative fora.— In this first cheese attention was concentrated 
upon becoming familiar with the colony appearance of each species 
present and no special attempt was made to determine the relative 
numbers of the different species in each sample. Representatives 
of each observed variation in colony growth were isolated from each 
sample and after their purity had been determined they were studied 
both morphologically and culturally. Thus from the sample of 
April 7 eighteen cultures were isolated and after the preliminary 
examination all but five were rejected as being duplicates of some of 
these five. When the study of these five was completed two of 
them were found to have the same type name and group number. 
In all, 95 pure cultures from this cheese were studied, of which 27 — 
were classified upon the cards, the remainder being rejected as dup- 
licates. 

The group number according to the Society card of 1906 and 
the type name according to Conn as well as the age of the cheese 
at which each of these 27 cultures were isolated are given in Table 
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TABLE I— GerRMs Founp IN CHEESE 4.6 I. 
——eeeeeeeeeeEooNNNa™A999DDDQDQQQEQQqqqqq eee 


AGE OF THE CHEESE IN DAYS. 
Group number. Type name (Conn). 





7 23 34 47 61 £ (hs, 89 136 
iB: 112.33320 | B. lactis nebulus..... ++ awe RR ER ea stead io hate Cee Ce et ae Cae 
Race ee ee 200 |  Dactalactts UbtqustUm cgi. c) cc « 0 lows dalle oom alls Gee elicc » oe atta Ges 
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The sign + in the above table marks the isolation of a culture 
of the given group number and type name. In a number of cases 
two or more of these signs are given on a single date. These in- 
dicate cultures in which slight differences were noted in the pre- 
liminary study but an extended examination did not show them 
sufficiently different to affect either the group number or the type 
name. 

It will be noted in this and in the succeeding cheeses that two or 
more group numbers are used for representatives of the type Bact. 
lactis acidi. Those marked 212. do not produce turbidity in the 
closed arm of the fermentation tube in the presence of dextrose, 
lactose or saccharose while those marked 222. do produce turbidity 
under similar conditions. This formation of turbidity has been 
taken as a convenient though arbitrary basis for dividing the aerobic 
from the facultative forms. The accuracy of this basis for di- 
vision is open to question. Germs marked .222 form acid from dex- 
trose, lactose and saccharose without the formation of noticeable 
amounts of gas while those marked .223 differ in not forming acid 
from saccharose. 

In nearly all cases the fourth decimal place is given as zero. In 
any place a zero means that the data is lacking, except in the fifth 
decimal place where it signifies that the growth is white. This 
lack of data is due to the fact that indol formation and not nitrate 
reduction entered into the group number on the cards in use when 
the majority of the cheeses were studied. In all of the numerous 
instances where the nitrate reduction of Bact. lactis acidi has been 
tested nitrates were not reduced and there is a high degree of proba- 
bility that 2 should be inserted in all cases in the fourth decimal 
place of its group number. 
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The differences in the fermentation of sugar and in the relation 
of oxygen to growth probably indicate constant and important dif- 
ferences which may be profitably used in subdividing the type Bact. 
lactis acidi. Well developed colonies show differences by means 
of which the appropriate group number can often be inferred but 
in the smaller colonies as they ordinarily appear on the plates these 
distinguishing characteristics are faint or lacking. A further im- 
provement in our media-making is a necessary antecedent to an 
accurate enumeration of each class of Bact. lactis acidi appearing 
upon the plates. 

Quantitative results— The quantitative determinations were 
made upon medium 2.22 with plates which had been held from 7 
to 10 days at 65° to 70° F. Six or more plates were made upon 
this medium at each examination and the recorded numbers are the 
averages of the resulting counts. 

In addition to the germ content Table II records the observations 
made by Mr. Smith upon the physical condition of the cheese at 
each analysis as well as the commercial score assigned to it. This 
score was upon the basis of flavor 50, texture 25, color 15 and 
package 10 points. 
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The highest number of germs per gram of cheese, 135 million, 
was found in the first sample when the cheese was 4 days old. At 
13 days the number had dropped to 10 millions. It was practi- 
cally at this figure at 47 days but at 61 days it had fallen to slightly 
less than 1 million and steadily decreased after that date. 

It will be noted that the true cheese flavor was barely appreciable 
at 23 days but was well developed at 61 days. The score likewise 
reached its maximum and the cheese was ripe when there was ap- 
proximately 1 million living germs per gram of cheese. The rapid 
deterioration of the cheese after reaching this point was probably 
due to the fact that about March 20 the temperature of the curing 
room rose to 65° F. (18° C.) and remained up for some days. 

Graphical representation.— The changes in the germ content and 
in the numerical score of this cheese are given in Graph I. The 
form of a graph depends upon the relative values chosen for the 
ordinate and abscissa. In this case it has seemed best to assign 
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GRAPH I— GERM CONTENT AND COMMERCIAL QUALITY OF CHEESE 4.6 I. 
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equal space to 1 million germs per gram on the ordinate and 1 
day on the abscissa. , The commercial score has been shown by 
giving 0.1 of a point in the score the same value on the ordinate 
as I day on the abscissa. 

In order to keep the graph within the limits of a page the space 
allotted to a million germs is small. On this account one gains the 
impression from Graph I that the germs had practically disappeared 
by the time the cheese was ripe at 61 days. There were then pres- 
ent approximately 1 million living germs per gram, which is a very 
considerable number. 

The graph of the commercial score brings out prominently the 
commercial rating of the cheese. It gained rapidly in quality up 
to 61 days when it was commercially ripe. After that point its 
value declined sharply. 


CHEESE 4.6 II. 


This 30 lb. cheese was made at Copenhagen, N. Y., April 22, 1904, 
and reached our laboratory April 26. It was:dipped in hot paraffin 
and held at 65° to 70° F. (18° to 21° C.) until June 10 after which it 
was kept at 60° F. (15.5° C.). Nine samples were taken between 
April 26 and June 30 and the analyses were made according to 
the methods employed with cheese 4.6 I. On June 30 the cheese 
was disposed of. It was overripe and had developed a slightly 
bitter flavor. 

Qualitative fora.—In this as in cheese 4.6 I which was being 
studied during a portion of the same period the work was directed 
toward isolating cultures of all the species present at each examina- 
tion. Fifty-five cultures were isolated and studied sufficiently to in- 
dicate duplicates, and 19 representative cultures were classified upon 
the cards. The details of the isolation of these 19 cultures are 
given in Table III. 


Tas_e II].— Germs Founp In CHuHEEse 4.6 II. 
SS eS eee eee eee 


AGE OF CHEESE IN DAYS, 








Group number. Type name (Conn), 
4 iF PAO || Pape SV dj ora yl eee oe 
RE OU belVi «LACES CUTCUS Fleet FD Ass Wa doing tee ee | Sine ead fae oe bem mete ace 
M. 212.33300 | Galactococcus versicolor|...... + FREI OMS CLCMITY BE Dalles GSMs ela ltesee bees 
Bact. 222.22200 Bact. lactis acidi...... Ss adie an al itr sets ater ete all Wa oe ol Ve a ne al Vn oni lt ol ib 








In the study of the flora of this cheese a vigorous effort was 
made to find a basis for subdividing the type Bact. lactis acidi which 
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made up practically the entire flora of this cheese. In spite of the 
extended study of a large number of cultures the resulting group 
number and type name were uniform for all. 

The two forms of micrococci found in this cheese were not ob- 
served in connection with Cheese 4.6 I. 

The great difference in the flora of Cheeses 4.6 I and 4.6 II, which 
have only Bact. 222.22200 in common, is especially interesting in 
view of the fact that the Denmark and Copenhagen factories are 
located but a few miles apart and there was an interval of only 
three months between the dates of making. 

Quanitative results —The quantitative results as given in Table 
IV were obtained from plates on medium 2.22 under conditions 
similar to those given for Cheese 4.6 I. The physical examination 
and commercial rating were made by Mr. Smith. 


TABLE IV.— GERM CONTENT AND PHySICAL CONDITION OF CHEESE 4.6 II. 




















Age oO 
Pty of Germs. Flavor. Texture. Body. Color. 5 
* cheese. B4 
Days. | Per gram. 
Apr. 26} 4 |69,600,000| Fairly clean acid; no 
cheese flavor...... Curdy and 
Stitt see Close..| Wavy....| 92 
May 9 17 |15,000,000| Clean acid flavor;* no 
cheese flavor...... Stiff but well 
broken down| “_..| Streaked. | 944 
a ed 20 | 3,100,000} Slight acid; faint ob- 
jectionable flavor. .| Smooth, 
slightly 
CUA Y isc, eee [EOla bby 
wavy...| 944 
a AMES) 27 | 2,100,000) Beginnings of clean 
cheese flavor...... Smooth and} “_ ..| Straight...) 944 
WiehxV a cuale 
E20 34 | 1,100,000) Faint acid and low 
cheese flavor...... Snooth .vin« i, 9" Seo) ee eee 944 
June 2 4T*1"1,800, 000)" ose 2d tad PE IMS Pe ot oe Se 
9 481,500; OOO) am as So wuetedavelae wis) Blo, dyno suaPaecepenstll [eb GPS Vl cle rr 
aa FOO 69 36,000] Slightly bitters. .7?+]. Smooth’ 'and|’ “*) 32) eee 904 
WEY. 6a. 














*The physical examination was held on May 5. 


Two mishaps occurred in connection with these examinations. 
The plates made upon May 5 and on June Ig were lost on account 
of the melting of the gelatin. Additional plates were prepared on 
May 9g and the results from these are given in the table. 

The germ content of this cheese at 4 days was reasonably high, 
70 millions per gram, but it dropped steadily to approximately 3 
millions at 20 days and then decreased more slowly. | 

The rapid ripening of this cheese as well as the trace of bitter 
flavor and the relatively low score when ripened are undoubtedly 
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due to its having been held at too high a temperature during the 
ripening period. It will be noted that the true cheese flavor was ob- 
served when the cheese was 27 days old and that it was fairly de- 
veloped at the end of 34 days. The point where the cheese could 
be considered commercially ripe was probably at 41 or 48 days but 
‘unfortunately it was not scored at those dates. The germ con- 
tent was approximately 1.5 millions per gram at 48 days. 
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Graphical representation.— The changes in the germ content and 
in the commercial score are shown in Graph II on the same scale 
as used in Graph I. : 

The decrease in the germ content during the first 20 days is 
very abrupt. The highest commercial quality is also obtained be- 
fore the 30th day after which the quality of the cheese is rapidly 
impaired. The rapidity of these changes was probably due to the 
Bemveivaien teniperatre,. 05° to 704, (18° to 21° C.), at 
which this cheese was ripened. 
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CHEESE 4.6 III. 


This 4o Ib. cheese. like Cheese 4.6 I, came from Crown Brand 
factory. It was made August 1, 1904, and arrived at our labora- 
tory and was first sampled on August 3. It was dipped in hot paraf- 
fin and cured at 60° F. (15.5° C.). The cheese was cut up when 
58 days old. It then had a fine but slightly pungent flavor, being 
slightly over-ripe. 

Beginning with this cheese the method of analysis was modi- 
fied as follows: ‘Three separate series of plates were made from 
each sample. One series was made upon medium 2.22 as in the 
previous cheese. The dilutions for the plates of this series were 
high in order to get a good development of the predominating or- 
ganisms — the lactic germs. The second series of plates was made 
with medium 2.02 with the expectation of favoring the liquefiers 
at the expense of the acid-forming germs. The third series was 
made with medium 2.31. Few of the bacteria would develop on 
this medium on account of its high acidity while the yeasts thrived 
upon it fairly well. The dilutions for the second and third series 
were low, ranging from 1-200 to I-5,000. 

Qualitative flora.— Four examinations were made and 15 cultures 
isolated of which 12 are shown in Table V. 


TABLE V.— GERMS FouND IN CHEESE 4.6 III. 





AGE OF CHEESE IN DAYS. 


GROUP. Type name (Conn). } 
2? 7 14 45 
Stree 2522200 4 Str alacticus me neice a Scat fl Pe ee +2 ere 
‘Bacte212222300 |) Bact. lachis:acidte 0. een ee ee | os eae eee 
Bacto 2 soooUUMIPE GCE TIGCiiS  COMNILAee mite necte tae ge (EPS ROTE Posi. gcc 
M. 222200 | Mrlactisvalbidusae. in « ae eke ee. ms yee! al cette +) eee 
Bacto 22200 eG OCl aLOchiStOUrehIS) Tae. ener aoe Sie Se Nr ic os 
Bactese2zecocO0n te DOGtMaChIS/QCIOts a. Lene ee ee a Ree PN IS Sl) hc 
SHS, , PPPLPRPAVUON Sy r ele Hava Os 5 An 4 AAG he eg SERIE er +. |. ol eee 
M. 21222205 iH LACLISKAUTCU SIE. es eee ce Ta kell orien es “bh. i. OR eae even eer 


Of the forms present in this cheese Bacterium 222.22200 was 
also present in both of the former cheeses while Bact. 212.22300 
and Bact. 221.22200 were found in Cheese 4.6 I. 

Two strains of the type Str. lacticus were found in this cheese. 
These differ from the corresponding strains of Bact. lactis acidi only 
in morphology, and the latter are ordinarily so short that an exact 
separation of the forms into coccus and bacterium is difficult. 

Quantitative results— The quantitative results from the three 
media as well as the results of the physical examination are given 


in Table VI. 
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It will be noted that approximately 5,000,000 germs per gram 
were present in the fully ripened cheese. Liquefiers were also pres- 
ent in considerable numbers although they made up a relatively small 
part of the total flora. 

A combination of the quantitative and qualitative results from the 
examinations of this cheese are given in Table VII. 


TanLe VII.— BactertA oF GiveN Typr IN CHEESE 4.6 III. 
(Per Gam of Cheese.) 











Type name (Conn).| Group number. 2 days. 7 days. 14 days.| 45 days. 
Bact. lactis Connii.| Bact. 212.33300 1*'000,,000 1). oko Mal eae 1) eee el 
ISAcCENLaCtIS OCtOL 1) o| Mbacty 22223008) meee ae 20/000 5f <.. Ye 2224S eee 
M. lactis aureus....| M. 212222 05% | ee ue ne 270005] Us sao ak SW ee eee 
Bact. lactis brevis...| Bact. 222.22200 50,000 16,000 | 11,000 2,000 
M., lactis albidus...| M. 211.22200 80,000 25,000 | 19,000 18,000 
aid Hee pre AS Hee Shin eho 

act. lactis acid1... act. a 
Streptococcus lacti: $2;070;000'"|, 445812)000 4) Sse 4,680,000 

CUS Se Oe Oe Str. 212.22200 

LOU] titres scone Vc ancusss ecco! Hae 83,200,000 | 41,900,000 | ...... 4,700,000 
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Graphical representation.— During the 45 days in which this 
cheese was studied the germ content steadily decreased. At the 
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same time the commercial quality of the cheese was rapidly improv- 
ing. The rate at which each of these changes occurred is show,. 
in Graph III. 


CHEESES 4.6 IV AND 4.6 V. 


These cheeses were studied together. for the purpose of bringing 
out the differences in the flora of good cheese made simultaneously 
at different factories. 

They were made September 27, 1904, Cheese 4.6 IV at the Crown 
Brand factory, Denmark, N. Y., and Cheese 4.6 V at the Merry 
Factory, Verona, N. Y., and each reached our laboratory two days 
later. They weighed 48 and 33 lbs. respectively and were well 
made examples of home trade cheddar, their later scores showing 
them to be of unusually high quality. 

After reaching us they were dipped in hot paraffin and placed 
in the curing room at 60° F. (15.5° C.). They were handled pre- 
cisely alike, both in the curing room and in the time and manner 
of examination. The cheeses were studied until they were 92 days 
old, 9 samples being taken for analysis. The media used were simi- 
lar to those used with Cheese 4.6 III. 

Quantitative flora— Twenty-seven cultures were isolated from 
Cheese 4.6 IV and 26 from Cheese 4.6 V. Twenty-six representa- 
tive cultures from these two cheeses were classified upon cards as 
shown in Table VIII. 


Taste VIII— Germs Founp In CHEESES 4.6 IV aNnp 4.6 V. 
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4.6 IV. 4.6 V. 
Group number. Type name (Conn). 
AGE IN DAYS. AGE IN DAYS. 

2 10 17 | 24 | 34 2 10 |17 | 24| 34 
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M. 211533305) | MM. Lape oureus 4). Serene, tall ep rena | 2 a I es ial Neto are Sito Te 
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According to the above table the only germs common to both 
cheeses were Bact. 222.22200, Str. 222.22200 and Bact. 222.22300. 
As will be seen from Table XI, page 81, these forms really made 
up a very considerable part of the flora of each of these cheeses. 

Quantitative results—— Plates were made upon media 2.22, 2.02 
and 2.31 as explained under Cheese 4.6 III. The results of these 
examinations together with the commercial score and comments 
upon the physical condition of each cheese are given in Tables 
IX and X. 
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A distinct difference in the quantitative flora of these two cheeses 
is evident. Cheese 4.6 IV is credited with but 6.5 millions per 
gram at 2 days. This is the average of the counts from 10 plates 
on medium 2.22 of which 7 were closely accordant while 3 gave 
markedly higher counts. This exceptionally low germ content may 
be connected with temperature conditions experienced in shipment 
or with variations in the method of manufacture of which nothing 
is known. 

While the germ content of this cheese remained low during its 
entire history it ripened quickly and satisfactorily, receiving a score 
of 98% at 49 days. The germ content at 41 days, when it was 
practically ripe from a commercial point of view, was about 6 mil- 
lions per gram; and at 55 days there were still 3.5 millions germs per 
gram alive in the cheese. At 92 days when the cheese had passed 
its best and begun to deteriorate in commercial quality there were 
over I million germs per gram present. 

Cheese 4. 6 V differed in that it had more than double the germ 
content found in Cheese 4.6 IV during practically the whole of the 
ripening period. However it ripened distinctly more slowly and 
did not attain its best until 92 days when it scored 98%. At this 
time it had a germ content of over 7 millions per gram. The ap- 
parently anomalous count at 24 days is based upon the results from 
g plates all of which were fairly accordant. 

It will be observed that while the total germ content of the rapid- 
ripening Cheese 4.6 IV is uniformly low, it contained a consider- 
able number of liquefying forms. On the contrary the slow ripen- 
ing Cheese 4.6 V with its much larger total germ content con- 
tained few liquefiers. , 

The quantitative relations of the types present at each examina- 
tion of the two cheeses are shown in Table XI. 

This table makes it clear that representatives of the charac- 
teristic lactic-acid groups, Str. lacticus and Bact. lactis acidi, were 
only one-half to one-tenth as numerous in the rapid ripening Cheese 
4.6 IV as in the slow ripening Cheese 4.6 V. After carefully con- 
sidering these two cheeses it is hard to escape the conclusion that 
although the lactic group is of the first importance in the first stages - 
of cheese ripening there are other more important factors con- 
trolling the rate of ripening during the later stages. 
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Graphical representation — Graphs IV and V emphasize the fact 
that while Cheese 4.6 IV attained a higher commercial quality than 
Cheese 4.6 V, it did not long maintain this advantage. The markedly 
higher germ content of Cheese 4.6 V is also clearly shown. Cheese 
4.6 IV was commercially ripe at 41 days while Cheese 4.6 V did 
not reach this condition until 92 days. 
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GrapH IV.— GERM CONTENT AND COMMERCIAL QUALITY OF CHEESE 4.6 IV. 


CHEESE 4.6 VII. 


This 35-lb. home-trade cheese was made March 6, 1906, at Dele- 
van, N. Y., and sent us by Mr. E. L. Jones. It was delayed in 
transit and did not reach us until March 13. It was at once dipped 
in hot paraffin and placed in the curing room at 60° F. (15.5° C.). 
Six samples were analyzed covering a period of 99 days. 

Portions were plated each time upon media 2.02, 2.22 and 2.31 
to determine the liquefiers, total germ content and yeasts respec- 
tively. At the first three examinations two additional series of 
plates were prepared with medium 2.22 and placed in Novy jars. 
In one series the oxygen was replaced with hydrogen and in the 
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other it was absorbed with pyrogalic acid and potassium hydroxide. 
In this way these studies were extended in a preliminary way to the 
anaerobic flora. 
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Qualitative results— Twenty-five representative cultures were 
isolated and the type and time of isolation of 23 of them are 
shown in Table XII. 


84 REPORT OF DEPARTMENT OF BACTERIOLOGY OF THE 


Tas_E XII.— Germs Founp IN CHEESE 4.6 VII. 
ei seein eR Co eee Re 


Age of cheese in days. 




















Group number. Type name (Conn). 
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The type M. lactis vartians was the only liquefier found in this 
cheese. A new type, Bact. lactis viscoswm, was represented by three 
cultures isolated at 51 days. There is no apparent explanation for 
the appearance of this form in considerable numbers so late in 
the history of the cheese. ‘The other types present have all been 
met with in previous cheeses. 

Quantitative results — The result from the plates made at 6 ex- 
aminations on media 2.02, 2.22 and 2.31 as well as the commercial 
score and comments upon the physical condition of the cheese are 
given in Table XIII. 
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This cheese was commercially ripe at 68 days and at that time 
had a germ content of over 9 millions per gram of cheese. The 
cheese was very well made but probably was exposed to unfavorable 
ripening temperature during the delay which occurred in transit. 
It had from the first a faint foreign flavor somewhat resembling 
molasses and as the cheese became fully ripened this taint was 
easily noticeable. 

It will be seen that the numerical results obtained from the anae- 
robic plates were practically identical with those obtained upon the 
same medium with aerobic plates. The qualitative results were 
also identical in that no types of colonies were found on these 
anaerobic plates which were not also present on the aerobic ones. 
These results do not preclude the possibility of finding additional 
forms after continued work with this or other media. However 
it rendered the finding of such forms, in sufficient quantities to be 
of importance in the problem of cheese ripening, improbable and 
the work on this line was discontinued for the present. 

The approximate number of each of the various forms present 
at the different examinations is given in Table XIV. 
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From this table we see that, aside from M. lactis varians, the 
germ content was almost exclusively composed of the typical lac- 
tic germs. Since it required 68 days to ripen, the presence of an 
unusually large number of the lactic organisms during the entire 
period did not appear to hasten the ripening processes of the cheese. 

Graphical representation.— Graph VI shows at a glance that the 
germ content of this cheese during its 68 day ripening period was 
greater by many thousands per gram than those previously studied. 
The irregularity in the commercial score is due to the development 
of an objectionable taint. 


MILLIONS 
PER 
GRAM 
100 
COMMERCIAL 
SCORE 


90 99 





GERM CONTENT 
Bete COMMERCIAL SCORE 





DAYS 10 20 30 40 50 60 20 80 90 


GraPH VI.— GERM CONTENT AND COMMERCIAL QUALITY oF CHEESE 4.6 VII. 


CHEESE 4.6 VIII. 


Up to this point all of the cheeses studied were from 2 to 8 
days old before the first sample was taken for analysis. With 
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Cheese 4.6 VIII, which was made June 18, 1906, by our Dairy 
Expert in our own dairy, examinations were begun with the milk 
in the vat. Sixteen samples were taken representing the milk, 
whey, curd and the ripening cheese. These extended over a period 
of 62 days. 

On the second day the cheese was dipped in hot paraffin and 
placed in the curing room at 60° F. (15.5° C.). 

This cheese differed markedly from those previously tested as 
they were good examples of home-trade cheddar cheese while this 
was of the dryer, export type and ripened correspondingly slower. 
The cheese developed a fairly clean mild flavor but was not fully 
ripened at 62 days. 

The milk used was that from our own herd and, as we were then 
testing a milking machine without keeping the rubber parts in brine, 
the milk had an undesirable flora. Notwithstanding the addition 
of a liberal starter, slight evidence of gas formation appeared early 
in the process of manufacture but did not become troublesome. 

In making cheese in small quantities it is difficult to avoid elimi- 
nating too much moisture and accordingly the cheese was dryer 
than was intended. 

Qualitative results— The distribution of the 14 cultures which 
were selected as representative of those present is shown in Table 
XV. 

TaBLtE XV.— GERMS FouNpD IN CHEESE 4.6 VIII. 
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The dairy in which this cheese was made is seldom used for 
cheese making and it was to be expected that the flora of this cheese 
would be somewhat abnormal. Only four of the organisms pres- 
ent have been met with in the other cheeses. Bact. 212.22200 and 
Bact. 212.22300 are familiar lactic forms and were present in con- 
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siderable numbers while Bact. 212.33300 was found in Cheese 4.6 
III. The latter is probably not an active form in connection with 
cheese-ripening processes as it neither attacks sugar nor produces 
digesting enzyms. Bact. 222.11100 was also isolated from Cheese 
4.6 IV. It is not considered active in the ripening of cheese be- 
cause it is never found in any considerable quantities in a first-class 
article. It is a vigorous gas former, is not found in clean milk 
and is inhibited by the cheese-making process. 

Soon after the milk was put into the vat signs of gas produc- 
tion began to manifest themselves but were soon suppressed and 
the resulting curd was free from gas holes. Coincident with gas 
production two species of gas-producing bacteria were found in 
the milk and cheese. B. coli aerogenes, B. 222.11100, was found 
in the first sample only and in very small numbers. Bact. lactis 
aerogenes, Bact. 222.11100, made up about 10 per ct. of the flora 
of the first three samples. 

The results from this cheese accord with the idea that aside from 
the lactic group there is no single group or at least no single species 
of bacteria absolutely essential to the ripening process. It must 
be admitted, however, that the ripening of Cheese 4.6 VIII was 
neither so rapid nor so satisfactory as might be desired. 

Quantitative results— Plates were made upon media 2.22, 2.02 
and 2.31 for the purpose of determining the total flora, the lique- 
fiers and the yeasts respectively. The results of these examinations 
are given in Table XVI. 
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In attempting to express the changes which take place in the flora 
as the process of manufacture proceeds there is difficulty in choos- 
ing proper units of measurement. Cubic centimeter and gram are 
the units universally used in work with milk and cheese respectively 
but when used together in a single study they do not express equiva- 
lent amounts. As similar observations have been made upon the 
germ content of the milk, whey and curd in the case of a number 
of cheeses a discussion of this phase of the question will be de- 
ferred until data from two more cheeses have been presented. 

No result from the commercial examination is given for this 
cheese partly because of the necessary absence of Mr. Smith at the 
dates of many of the analyses and partly because of the inherent 
difficulty of his giving an impartial judgment concerning his own 
product. The ripening progressed satisfactorily though slowly, as 
is to be expected with this type of cheese. 

It is seen that while the germ content of the milk at the time 
that the rennet was added was 16 millions per cc. that of the 
whey 2 hours later was only 10 millions per cc. This would sug- 
gest that through the coagulation produced by the rennet a con- 
siderable proportion of the germs were caught and held in the curd. 
Turning to the observations on the curd it is seen that during the 
time that the curd in the vat was undergoing the so-called ripen- 
ing process the bacteria multiplied from less than 3 millions to 
over 14 millions per gram. More surprising is the observation that 
after being put to press the germ content fell again in 3% hours to 
less than 2 millions per gram. On the following day it contained 
26 millions but from this point the germ content decreased at first 
rapidly and then more slowly. At 99 days there were still 1 million 
living germs per gram in the cheese. 

This cheese was conspicuous for its low germ content, the bac- 
teria present being pre-eminently of the lactic type. Yeasts were 
found in only two samples and then in small numbers. Liquefiers, 
though present, were not numerous and many plates did not show 
any. 

The number of organisms of each type present at each examina- 


tion as estimated from the colonies on the plates is given in Table 
so VLT, | 
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This table brings out the fact that the lactic forms are the only 
ones which persisted steadily and in large numbers throughout the 
ripening period of the cheese. The other forms which were rec- 
ognized at intervals were relatively so scarce as to be often missed 
on account of the dilutions employed. The recognition of the acid 
forms was made easy by the presence of litmus in the media, but 
the separation of the non-acid forms was a matter of judgment as- 
sisted by the isolation of type colonies in some cases. 

Graphical representation.— Graph VII shows the changes in the 
germ content of Cheese 4.6 VIII and brings out clearly the rela- 
tively small numbers present. In this particular it is in strong con- 
trast to Cheese 4.6 VII. 


MILLIONS 
PER 
GRAM 
30 
20 —— GERM CONTENT! 
10 
DAYS 10 20 30 40 50 60 


GRAPH VII.— GERM CONTENT OF CHEESE 4.6 VIII. 


CHEESE 4.6 IX. 


We now attempted to carry out upon a normal cheese observa- 
tions regarding the changes in the flora on the first two days similar 
to those which had been made on Cheese 4.6 VIII. Through the 
kindness of Mr. G. Merry the work was done at his factory at 
Verona, N. Y., on June 23, 1906. 

The samples of milk, whey and curd were obtained from a large 
vat of milk undergoing the normal process of manufacture of 
home-trade cheddar. One of the cheeses produced from this vat, 
after being in the press only a few hours, was brought to our own 
dairy and there pressed until the following day. It was then dipped 
in hot paraffin and placed in our curing room at 60° F. (15.5° C.). 

Fourteen samples were analyzed, covering a period of 98 days. 
The cheese at the end of that time was of good flavor but some- 
what over-ripened. 
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Qualitative results— Ten representative cultures were selected 
and classified on the cards as shown in Table XVIII. 


TABLE XVIII.— GERMs Founp IN CHEESE 4.6 IX. 








Age of cheese in days. 





Group number. Type name (Conn). 
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Quantitative results— The total germ content was taken from 
plates upon medium 2.22 and this count was subdivided into the 
typical acid type and the inert organisms. ‘The liquefiers were de- 
termined on medium 2.02 and plates were made with medium 2.31 
for yeasts but with a single exception none were found. This fail- 
ure to appear on these plates was probably not due to the use of 
excessive amounts of acid since in a number of instances bacterial 
colonies in considerable numbers developed on these plates. A sum- 
mary of these observations is given in Table XIX. 
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The early changes in the flora as noted here are similar to those 
found in Cheese 4.6 VIII. The first sample was taken from the 
mixed milk as furnished by the farmers and showed over 9 mil- 
lions per cc. Owing to the ripeness of the milk no starter was 
added. The second sample was taken after the milk had been 
gradually warmed to 86° F. (30° C.) and the Marschall test set 
at 4 spaces. This warming had so stimulated growth that there 
were nearly 29 millions of germs per cc. Two hours later when the 
curd had been cut, the temperature raised to 100° F. (38° C.), the 
whey expelled and a large amount of acid developed, the whey 
contained 33 millions per cc. In this case the growth which had 
taken place in the whey had more than replaced the number which 
had been held back in the curd by the coagulation of the milk. 
As the volume of the whey is nine-tenths that of the original mili 
the number of germs removed with it is exceedingly great. 

No scales being then at hand the two samples of curd taken at 
the factory were not weighed but estimated. This estimate was 
probably accurate within 25 per ct. The first sample of curd was 
taken shortly after the last of the whey had been removed and 
showed 4 millions per gram. The second sample, taken as the curd 
was being put to press had 19 millions per gram. The weighed 
sample taken at our laboratory when the cheese was 1 day old 
showed 7 millions per gram. This rapid shift in the numbers would 
create a suspicion that estimate of the weight of the curd sample 
was very inaccurate but for the fact that the changes here re- 
corded in the germ content are in accord with those observed in 
Cheese 4.6 VIII. 

This cheese was unusual in that the maximum count of 50 mil- 
lions per gram was on the 23d day, the count meanwhile showing 
a steady increase from the low count at 1 day. After 23 days the 
count steadily decreased until at 88 days it was only 1.3 millions 
per gram. At this time the cheese was over-ripened. 

The liquefiers were unusually abundant in the milk at both ex- 
aminations but by the time the cheese went to press they consti- 
tuted less than 1 per ct. of the total flora. Yeasts were not found 
except in one sample of the curd in the vat. 

The numbers of the various types of organisms found at each 
examination is given in Table XX. 

For some days preceding the making of this cheese gas forma- 
tion in the vats had been of daily occurrence. In this cheese, while 
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but few gas holes appeared, the formation of acid was considerably 
retarded. Bact. lactis acrogenes was the only gas-forming organ- 
ism isolated. This form was abundant in the milk and whey but 
did not thrive in the curd and cheese. 

Liquefiers, especially M. lactis albidus, were unusually abundant 
in the milk, making up the larger part of the germ content at the 
first sample. ‘They were rapidly surpassed by the lactic forms and 
did) not appear to increase in the curd or the cheese. After 25 
days all of the germs found were representatives of the lactic 
group. Unfortunately we did not obtain the commercial score 
of this cheese but it ripened fairly slowly. There is no evidence 
that the large number of MW. lactis albidus present in the milk hast- 
ened the ripening of the cheese. 

Graphical representation. Graph VIII shows the changes which 
were noted in the germ content of Cheese 4.6 IX between the first 
and the 89th day. This cheese is unusual in that it had a large 
germ content on the 25th day. 
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GrApH VIII.— GERM CONTENT OF CHEESE 4.0 IX. 
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This cheese was studied with a view to repeating the observa- 
tions on the early changes in the flora and was made by Mr. Smith 
from the milk of our own herd on July 9, 1906. The milk was 
not of the first quality for the same reasons given under Cheese 
4.6 VIII and some evidence of gas formation appeared early but 
did not become sufficiently pronounced to show in the curd. For 
the reasons already explained the resulting cheese was of the ex- 
port rather than the home-trade type, and while it cured satisfac- 
torily did not attain its best physical texture until at the end of 
8 months. 

The cheese was dipped in paraffin when taken from the press and 
was cured at 60° F. (15.5° C.). Sixteen samples were taken cover- 
ing a period of 72 days. 

Qualitatwe results— Eighteen cultures were isolated as repre- 
sentative of the flora and the results of their classification on the 
card is shown in Table XXI. 


TABLE XXJ.— GERMS FouND IN CHEESE 4.6 X. 
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AGE OF CHEESE IN DAYS. 
































Group number. Type Name (Conn.) | 
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All of the germs found in this cheese had been found in some 
of the previous cheeses. 

Quantitative results— The total germ content was obtained from 
plates upon medium 2.22. The division into the lactic acid, gas- 
producing and inert group was made upon this medium. The lique- 
fiers were determined on medium 2.02 and the yeasts on 2.31. The 
results from these observations are given in Table XXII. 
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The milk for this cheese when mixed in the vat contained over 
46 million germs per cc. Seventy-two per ct. were lactic acid, 15 
per ct. gas producers and 13 per ct. were inert forms. ‘The lique- 
fiers were very scarce in all of the samples. No yeasts developed 
on any of the plates. 

Immediately after coagulation of the milk the whey contained 
only 23 million germs per cc. but when the whey was drawn, 
ninety minutes later, the germ content had increased to 43 millions 
per cc. The curd in the vat at 2 p. m. contained 16 millions per 
gram and two hours later, after being salted and laying one hour 
in press the number had increased to 94 millions per gram. Five 
hours later the number of germs was determined at 26 millions and 
plates made after a further interval of two hours showed 105 mil- 
lions per gram. The maximum germ content of 178 millions per 
gram was obtained after the cheese had been 19 hours in press. 

The wide and rapid variations observed in the germ content of 
the whey and the curd deserve an explanation. While the prepara- 
tion of a correct sample of the fresh curd is difficult it is easy 
to get a representative one in the case of the whey; yet the fluctua- 
tion in germ content is almost equally pronounced in both. While 
our data are restricted to preliminary observations on three cheeses 
the fltictuations in germ content seem to stand in a general rela- 
tion to the stages of manufacture. On this account we are inclined 
to the belief that these variations in our results are not due to 
faulty technique, as we at first supposed, but are due to changes in 
temperature and in physical and chemical environment during the 
process of manufacture. 

The numbers of the various types of germs found at each exami- 
nation are given in Table XXIII. 

All of these types of germs have been found in one or more 
of the previous cheeses. This cheese is conspicuous in the absence 
of any other than the lactic acid type of germs after the curd was 
put to press. | 

Graphical representation.— Graph IX (page 105) brings out the 
extremely high germ content during the first day. The decrease in 
the germ content was unusually rapid so that after 19 days the 
number present was very much below the average of the cheeses 
studied. 
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COMBINED FLORA OF THE NINE CHEESES. 
QUANTITATIVE SUMMARY. 


For the reasons already given quantitative results on the germ 
content of the milk and whey are available for only three cheeses, 
the study of the germ content of the other cheeses beginning after 
two to eight days. 

At the time of beginning the process of manufacture the germ 
content of the milk for Cheeses 4.6 VIII, IX and X was 9, 9, and 
47 millions per cc. respectively. From the time the milk is put into 
the vat until the cheese is ready for the press a temperature favor- 
able to germ life is maintained. During the first hour the germ 
content rose in the milk for Cheese 4.6 VIII to 16 millions and in 
that for IX to 29 millions per cc. 

The addition of rennet separates the milk into whey and curd. 
In Cheese 4.6 VIII while the milk contained 16 millions per cc. 
when the rennet was added, the whey showed only 10 millions per 
cc. after the lapse of two hours. In Cheese 4.6 IX two hours after 
adding the rennet the germ content of the whey was 5 millions per 
cc. higher than that observed in the milk. In Cheese 4.6 X when 
the curd was first cut the whey contained 26 millions per cc. less 
tnan were found in the milk one and one-half hour previous. 
Within the following hour and a half the whey increased 20 mil- 
lions per cc. leaving it only 4 millions lower in germ content than the 
original milk. It would seem a fair deduction from these data that 
in the process of coagulation a large proportion of the germs in the 
milk are caught in the curd, but that the favorable growth condi- 
tions in the whey leads to a rapid multiplication in that fluid. 

In studying the flora of the curd the gram is taken as the unit of 
measurement. At first the specific gravity of the curd does not 
differ markedly from that of the whey but with the continued expul- 
sion of the moisture it increases to about 1.5. Exact data on these 
changes are lacking. In order to make comparisons of the quanti- 
tative results in milk, whey and curd, the numbers per gram found 
in the curd should be multiplied by a factor not larger than one and 
one-half. Our data indicate that as the whey is expelled from the 
coagulated mass it does not contain its volumetric proportion of the 
germs previously found in the milk. Unfortunately we have no ob- 
servations on the germ content of the freshly coagulated curd but 
observations made upon the ripened curd just previous to adding 
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the salt indicated that it then had a smaller germ content than an 
equal volume of the milk from which it was made. This apparent 
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GrapH IX.— GeRM CONTENT OF CHEESE 4.6 X. 


decrease in the germ life in both the whey and the curd in the 
presence of what are believed to be highly favorable conditions 
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for its development awaits a satisfactory explanation. There is also 
evidence for the belief that the salt applied at the next step in the 
process of manufacture markedly reduces the germ content of the 
curd. Whether it acts as a germicide or mechanically, by removing 
the germs along with the moisture which leaves the curd by osmosis, 
is not determined. The mechanical difficulties of a bacterial analy- 
sis of the fresh curd are great and some of the observed variations 
may be attributed to this cause. This portion of the cheese-making 
process deserves a more extended study than it has yet received. 

In different cheeses the rate of increase, the maximum germ con- 
tent and the age at which it is attained, as well as the rate of decline 
after this point, vary greatly. The causes of these variations are 
only partly understood. Harrison and Connell?* have shown that 
the temperature has an important influence, the work of Marshall?® 
places emphasis on the associative action of the different members 
of the flora, while current belief among the cheese makers lays 
great stress upon the moisture content. All of the cheeses except 
Cheese 4.6 II were cured at 60° F. (15.5° C.) but with the excep- 
tion of Cheeses 4.6 VIII, IX and X the forms which were present 
in the milk are unknown and the moisture content was not deter- 
mined. . 

In Cheeses 4.6 I to VII the first sample was taken when the 
cheese arrived at an age varying from two to eight days. In five 
of these six samples the germ content was the highest recorded for 
the particular cheese. However it is improbable that this really 
was the maximum content attained in each case since two of the 
three cheeses which were studied during their manufacture attained 
their maximum within the first twenty-four hours. 

The maximum recorded germ content for each cheese with the 
age at which it was observed is given in Table XXIV. 





* Harrison, F. C. and Connell, W. T. A comparison of the bacterial 
content of cheese cured at different temperatures. lev. gen. du Lait, 3: 80-85, 
IOZ-FII, 120-137, 150-155, 173-160. Tood. 

* Marshall, C. E. A preliminary note on the associative action of bacteria 
in the souring of milk. Cent. Bakt., II Abt. 11: 739-744. 1903. Also, 
Additional work upon the associative action of bacteria in the souring of 
milk, Cent. Bakt. II Abts. 1a! 503-507. a100d. 
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TABLE XXIV.— MAXIMUM OBSERVED GERM CONTENT IN CHEESES. 
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It is interesting to observe that the lowest recorded maximum, 
27 millions in Cheese 4.6 VIII, and the highest, 178 millions per 
gram in Cheese 4.6 X, are in the two cheeses made in our own 
dairy from the milk of our own herd, having a very similar quali- 
tative flora and ripening in a similar manner. The rate of ripening 
in these two cheeses was slightly different, the one with the highest 
maximum germ content ripening more slowly. The temperature to 
which Cheese 4.6 X was exposed while in the press was higher 
than in Cheese 4.6 VIII. 

While, as we have seen, the changes in the germ content often 
differ widely in normal cheese, an average of all these observations 
has some value and is given in Table XXV. 


TasLeE XXV.— SHOWING THE AVERAGE GERM CONTENT OF ALL THE CHEESE 
EXAMINED AT GIVEN INTERVALS OF TIME. 











| Number | Number 
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In computing this table there were included not only the results 
from the nine cheeses previously given but also those from an 
additional cheese which was made in our own dairy and studied 
during the process of manufacture. As the actual analyses were 
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not always made at the exact intervals given in this table it was 
sometimes necessary to compute the germ content at such dates 
from the graph of the particular cheese. In view of the wide varia- 
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tion in the individual cheeses this average must be considered merely 
as a schematic representation. 
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Graphical representation— The numerical data given in Table 
XXV are shown in a different way in Graph X. This is on the 
same scale as those previously given; viz.: The ordinate is given in 
millions per gram while the abscissa is in days, the space allotted 
to 1 million germs being equal to that representing 1 day. The 
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number of cheeses is so small and the differences among them so 
marked that the graph is not smooth, the rise shown at 25 days 
being due to the late appearance of the maximum number in Cheese 


4.6 IX at that age. 
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On the same graph is shown the average of the commercial 
scores of 6 of the cheeses. Here again the secondary rise shown 
at 80 days is due to the tardy ripening of Cheese 4.6 V. This graph 
brings out sharply the fact, observed in connection with each indi- 
vidual cheese, that there is a very considerable germ content in 
the cheese at the time when the latter has become commercially ripe. 

For the sake of comparison the quantitative results on six cheeses 
as given by Russell & Weinzirl’® are shown in Graph XI. The tem- 
perature of ripening in these two sets of cheeses was not the same 
and the observed numbers are higher in the second set but the out- 
line of the graph in the two cases is very similar. Accordingly, 
these two graphs may be taken as fairly representing the average 
changes in germ content in normal cheddar cheese; but at the 
same time the fact must not be lost sight of that in the individual 
normal cheese the germ content may depart widely from this 
average. This is shown in Cheese 4.6 IX which showed a maxi- 
mum content at twenty-five days instead of at four days as shown 
by the composite graphs. 

A graph based on results from three Canadian cheddar cheeses 
was published by Harrison.” This curve reached a maximum of 
450 millions per gram at 3 days and then promptly fell to less than 
r million at 57 days. Except for its amplitude this curve closely 
resembled the two which are here given. 


QUALITATIVE SUM MARY. 


Germs found.— When we remember that the milk from which 
the cheese is made receives substantial additions to its flora from the 
soil, the barn and the milking utensils it is natural to expect that the 
cheese will contain an extensive mixture of different forms. Not- 
withstanding the effort which was made to find the representatives 
of all the different forms present, the total number of distinct 
groups found in the nine cheeses which have been studied is sur- 
prisingly small. Over three hundred cultures were isolated from 
these cheeses, these selections being intended to include all differ- 
ences in colony growth. These pure cultures were then studied both 
morphologically and culturally and in the course of this study many 
of the duplicates were discarded. The remaining one hundred sixty- 
seven cultures were studied in great detail and classified according 


7° See note 13. 

2 258 -~ ~ Re . . oe . 

‘Harrison, F. C. The ripening of cheese and the role of microorganisms 
in the process. Trans. of the Canadian Institute, 7: 103-134. Igor. 
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to both the system of the Society of American Bacteriologists and 
that of Conn. All of the cultures thus studied are included in 33 
groups, each characterized by a group number, or in 22 types. 

While a long list of additional forms will undoubtedly be recog 
nized in future studies of this field it is believed that this list of 
33 groups includes those which will be most commonly found in 
normal cheddar cheese in New York State. The group number of 
these forms, their type name according to Conn and the number 
of the cheese from which they were isolated are given in Table 
XXVI. The period during which each form persisted in the 
cheese is also shown. This determination has been made in two 
slightly different ways and the results from each are given. The 
age of the cheese at the isolation of the culture whose group num- 
ber was determined is indicated by + . In some cases the dupli- 
cate cultures mentioned above were isolated later in the history 
of the cheese than the one whose group number is positively 
known. In such cases the date of isolation of the duplicate cul- 
ture is marked by 0. We have every reason to think that the 
results expressed in Table XXVI by o are reliable while those 
shown by + are established beyond question. 

It will be observed from this table that of the first 11 forms 
six are not recorded after the first day and the remaining five not 
after the second day. With a single exception each of these 
forms was found in but one of the nine cheeses. Under these 
circumstances it seems proper to consider these eleven groups 
as merely accidental members of the cheese flora, unsuited by 
nature to thrive in and exert an influence upon the ripening cheese. 

Of the remaining groups eleven were found in but a single cheese 
but they persisted there a sufficient length of time to suggest that 
they might reasonably be included in the flora of typical cheddar 
cheese. Their infrequency of occurrence, however, makes it plain 
that they are not absolutely necessary to the progress of normal 
ripening. 

Accordingly it is among the fourteen remaining groups that we 
must look for the portion of the cheese flora which exerts a marked 
influence upon the normal ripening processes. The important part 
played by the lactic organisms in the manufacture and early his- 
tory of the cheddar cheese has been discussed at length in Bulletin 
227. | 
The type Bact. lactis acidi makes up 99 per ct. or more of the 
flora of normal cheddar cheese in practically all cases. The rep- 
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resentatives of this type differ in their relation to air and in their 
ability to attack saccharose so that they are found under four dif- 
ferent group numbers. As will be shown later they differ in a num- 
ber of other particulars. Str. lacticus, which includes two differen 
group numbers, is occassionally found in much smaller numbers. 
These groups apparently agree with the corresponding groups of 
Bact. lactis acidi in every thing except morphology. The position 
taken by Conn, that there is a distinct morphological basis for the 
separation of the cocci from the rod forms, appears to be well 
taken. Both the morphology and the physiology of these groups is 
easily influenced by their environment and it is especially impor- 
tant that the cultures be brought to a vigorous condition before 
being subjected to detailed study. 

The acid liquefiers which are considered so important by Gorrini 
are represented by M. lactis albidus (2 groups), M. lactis giganteus, 
M. lactis varians (4 groups), and WM. lactis brevis. M. lactis al- 
bidus and M. lactis brevis occurred sufficiently often to suggest that 
they might play some part in the ripening changes. Representa- 
tives of this group were found in all but Cheese 4.6 VIII. These 
forms grew well in the milk but made little headway in the cheese 
although they survived there better than the non-acid-producing 
forms. Their number, as compared to the total germ content of 
the cheese, was relatively insignificant. 

The gas-producing forms, like the preceding group, find the best 
conditions for their development in the milk and make little or 
no growth in the cheese. B. coli aerogenes was found in the milk 
for Cheeses 4.6 VIII and X. In both cases it was not found in the 
cheese after the first day. The isolated cultures were slow gas pro- 
ducers and did not displace more than one-third of the closed arm 
in the fermentation tube. 

Bact. lactis aerogenes was found in Cheeses 4.6 IV, VIII, IX and 
X, in the last three in considerable numbers. In these cases evi- 
dence of gas was noted in the vat during the early stages of the 
making process. These forms are very resistant to the acidity in 
the milk and cheese but our data do not show that they multiply 
in the latter. 

The inert group, characterized by a lack of any apparent action 
upon milk, is represented by Galactococcus versicolor and Bact. lac- 
tis Connu., They are fairly numerous at times in the milk and fresh 
curd. They usually disappear quickly. There is no evidence that 
they increase in the cheese. 
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Very few specimens of yeasts have been found although an effort 
was made to prepare plates especially suitable to their habits of 


growth. 

Detailed description A weakness of previous studies of this 
subject, with the possible exception of that of Conn, has been the 
fact that the organisms were not described in such a manner that 
succeeding workers could recognize them. Accordingly each new 
student was compelled to study the flora anew and with little as- 
sistance from the previous work. Under such circumstances pro- 
gress was necessarily slow. 

With the recent improvement in the manner of recording the 
reactions of the cultures and of arranging this record for compari- 
son it is believed that this difficulty has been largely overcome. 
Future students should be able to build upon the present founda- 
tion and a fairly complete knowledge of the cheese flora be made 
comparatively easy. 

The group number expresses the spore formation, relation to 
oxygen, liquefaction, fermentation of dextrose, lactose and saccha- 
rose, nitrate reduction and color. ‘There are many other relations 
to their environment with regard to which cultures will differ. The 
individual cultures have been tested with regard to a considerable 
number of these and the results are given in Table XX VII. 

In this table the cultures are arranged in the numerical order of 
their group numbers. The type name according to Conn is given 
in all but a single case; Bact. 212.33307 did not seem to be included 
in the forms studied by him. 

In addition to the facts expressed in the group number the 
observations upon the cultures in connection with 26 other items is 
recorded by -++- or —. The numerals at the left of these signs give 
the number of pure cultures found which were alike in these partic- 
ulars. 

Of the 148 cultures which were thus studied the 33 groups are 
subdivided into 93 variations or an average of less than two cul- 
tures to a variation. This illustrates on one hand the variation 
which is constantly met in bacteria from cheese and on the other 
the hopelessness of attempting to classify cultures into divisions 
which should include only members which are identical. Were the 
list of reactions sufficiently extended it is doubtful if two cultures 
could be found which would have an identical record. 
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System of nomenclature— Throughout this bulletin the cultures 
have been designed according to both the Society card and the sys- 
tem of Conn. This is not the place for an extended discussion of 
the relative suitability of the reactions chosen for separating the 
groups or the types in the two systems. Any comprehensive study 
of that subject must be based upon an entirely different set of data 
from those accumulated in this work. On the other hand the 
simultaneous application of these two systems throughout this study 
has provided a good basis for comparing their relative utility in con- 
nection with such research. 

There is practically no difference in the number of subcultures 
required to determine the group number or the type name. The 
group number may be obtained from data upon four different cul- 
tures (the new card calls for six) and in determining the type name 
seven cultures may be needed although a smaller number often 
suffices. For accurate results these cultures should be made in 
triplicate. 

However, there is a marked difference in the number of detailed 
observations upon these cultures required by the two systems, those 
called for in fixing the group number being less than one-half as 
numerous as those necessary in separating the types. In recording 
the observations and in arranging the results for rapid comparison 
the present Society card leaves little to be desired. 

In applying the classification of Conn it was observed that while 
there usually were uniform results different workers would some- 
times include a culture under different types and even the same 
worker, on different days, would classify some cultures differently. 
Similar experiences have been noted by botanists when using a 
like system‘of classifying higher plants. 

With the Society card, the facts having been determined, the new 
cultures fell into their allotted places with mathematical precision. 
The classification permitted only a single interpretation and errors 
in judgment were well nigh impossible. Not only was the accuracy 
much increased but the time required both to do the classification 
and to detect the duplicates was markedly shortened. 

In the actual results of the classification by the two systems there 
is not a wide difference. ‘The flora as determined is divided into 33 
groups or 22 types. The classifications however are not strictly 
parallel. Bact. 212.22300 includes a section of Bact. lactis acidi and 
also Bact. lactis acidi D. However Conn considers Bact. lactis 
acidi D. as a variation of Bact. lactis acidi rather than as a distinct 
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type. Again Bact. 212.33300 includes Bact. lactis Conn and Bact. 
lactis viscosum. These two types are considered by Conn as dif- 
fering mainly in viscosity and this item does not enter into the 
group number but is recorded in the body of the Society card. In 
both of these cases it is possible that a determination of the nitrate 
reduction might remove the apparent conflict. 

On the other hand a type name according to Conn often includes 
germs answering to two or more group numbers. Thus M. lactis 
varians includes M. 211.22205; M. 211.22215 and M. 221.22205; 
M. lactis albidus includes M. 211.23200, M. 211.22200 and M. 221.- 
22200; Streptococcus lacticus includes Str. 212.22200 and Str.222.- 
22200; Bact. lactis acidi includes Bact. 212.22200, Bact. 222.22220 
and Bact. 222.22320; M. lactis aureus includes M. 212.22205 and 
M. 212.22305. An improvement in the details of the group number 
is desirable and will come, but even as it now stands the Society 
card system is a distinct advance over anything which has preceded 
it. 

CONCLUSIONS. 

The system of recording the reactions of cultures as proposed by 
the Society of American Bacteriologists is a marked advance in 
technique. By its aid the shifts in the cheese flora can be followed 
with more accuracy than was previously possible. The cultures 
isolated can readily be so characterized as to be recognized by suc- 
ceeding workers. Each investigator can thus build upon what has 
been done and a satisfactory acquaintance with such of the flora as 
will grow on our culture media is possible at no very remote date. 

The quantitative changes observed in nine normal cheeses, repre- 
senting four commercial factories and our own dairy, agree closely 
with those previously found in Wisconsin and Canada. Emphasis 
should be laid upon the fact that first class cheeses vary widely both 
in their total germ content and in the age at which the maximum 
number of bacteria is found. A parallel study- of the flora and of 
the commercial quality brought out the fact that at the time the 
cheese was commercially ripe it ordinarily contained some millions 
of living bacteria per gram. 

The qualitative study showed that the Bacterium lactis acidi of 
Leichmann is the only form which is constantly found in all of the 
cheddar cheese which has been studied. Representatives of this 
form are arranged under four different group numbers and it is 
highly probable that these groups mark distinct strains of Bacterium 
lactis acidi. 
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The general group of acid-forming, liquefying organisms 1s 
represented at practically all times but in such small numbers as to 
suggest that the group exerts little influence upon the ripening 
changes. 

The rate of the ripening process seems to be independent of the 
number of germs present except that in certain cheeses a flora 
tlosely confined to acid-producing forms was coincident with a re- 
tarded rate of ripening. 

There is a lack of satisfactory evidence, either in the results from 
our studies or in those which have preceded them, that any of the 
forms thus far isolated play an important part in the later stages of 
the ripening of normal cheddar cheese. This does not preclude the 
possibility that such evidence may be later produced nor that im- 
portant forms may be found which do not appear upon our present 
cultufe media. 


REPORT OF THE DEPARTMENT OF 
BOTANY. 


C. STEwart, Botanist. 
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. A, StRRINE, Special Agent. 


WBWoui@ 


EABER OP CON TENTS: 


Investigations on some fruit diseases. 

The Sporotrichum bud-rot of carnations and the silver top of 
June grass. 

Troubles of alfalfa in New York State. 

Potato spraying experiments in 1907. 
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REPORT OF THE DEPARTMENT OF 
BOTANY. 


INVESTIGATIONS ON SOME FRUIT DISEASES.* 


He ymEUVstACk 


SUMMARY. 


Apples artificially inoculated with decay-producing fungi were 
placed in commercial cold storage, temperature 32° F., and held 
there for two months or more. Of the several species used, 
Penicillium glauctm (blue mold), was the only one that 
developed and caused decay. Upon removal to a warmer tempera- 
ture all the speceis of fungi developed and caused decay. 

Decay was not entirely prevented in inoculated apples held in a 
temperature of 35° to 56°; and developed vigorously in a tem- 
perature of 48° to 69°. 

Peaies  iocilated, swith) sclerotinia .fructigena 
(brown rot), the most common and destructive decay of peaches, 
developed a small amount of decay in two weeks in a temperature 
Oise ge OT. 

ppores-or 9P enicrllaum ol atucitt m*) (blue mold);'can be 
destroyed by fumigation with sulphur, but when these fumes come 
in contact with ripe apples the commercial value of the fruit is 
lessened. 

Spraying immature apples with bordeaux mixture did not check 
the development of spots of Venturia inzqualis (scab), 
that had started previous to the application of the bordeaux 
m‘xture. 








*A reprint of Bulletin No. 297. 
[123] 
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I. APPLE ROTS IN COLD Si ORR 


Since the commercial cold storage of apples has become such 
an important industry in New York State many questions relating 
to it have demanded solution. Many of these questions have been 
studied experimentally, and definite knowledge of great practical 
value regarding them determined. 

However, the question as to whether the several species of fungi 
that most commonly cause the decay of fruit will develop and pro- 
duce decay in fruit while held in commercial cold storage has never 
been studied. 

Since disputes over the condition of fruit held in commercial 
cold storage houses are frequent and sometimes find their way 
into court, it is highly desirable to have some reliable information 
as to the troubles that are directly traceable to the growth of cer- 
tain well known fungi. 

The methods of conducting the experiments upon this question 
were to obtain a good supply of pure cultures of the fungi, from 
these to make inoculations under sterile conditions into sound apples 
and to place the fruits at once in a commercial cold storage 
house. After remaining there a reasonable time they were re- 
moved into a warmer temperature. 

Experiments were carried on in the winter of 1905 in duplicate, 
but in different cold storage houses. Higher temperatures were 
also experimented with; one from 37° to 56° F., the average being 
47° F.; and another from 54° to 65.5° F., the average being 
60.6° F. The work with commercial cold storage at different tem- 
peratures was repeated in the winter of 1906 in one house. 


THE EXPERIMENTS OF 1905. 


A. good supply of vigorous pure cultures of bitter rot (Glom- 
erella rufomaculans (Berk.) Sp. & vonSchr.), black rot (Spherop- 
sis malorum Pk.), blue mold (Penicillium glaucum Lk.), brown 
rot (Sclerotina fructigena (Pers.) Schrt.), pink rot (Cephalothe- 
cium roseum Cda.) and Alternaria sp. were secured by taking ap- 
ples that were naturally infected with these fungi and with some 
of the mature spores making dilution or poured plate cultures with 
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potato agar. rom these plates transfer cultures were made to 
sterilized sugar beet plugs and from these several sub-cultures 
were made. These last cultures were then tested to make sure of 
their pathogenicity. 

Sound mature apples of the following varieties were selected 
for the inoculations: Baldwin, Tompkins King, Northern Spy, 
Rhode Island Greening, Russet and Sutton. Each fruit was 
cleaned with a cloth and then dipped in a solution of corrosive sub- 
limate I : 1000; from this it was drained and rinsed in clean dis- 
tilled water, drained again and the excess moisture absorbed with 
a cloth that had been wet with corrosive sublimate and dried. 

Several fruits of each variety were inoculated with each spe- 
cies of fungus used. 

The inoculations were made on March 9, 1905. On each fruit 
the epidermis was punctured in three places with a sterile knife 
and with another sterile knife some of the fungus from a pure 
culture was inserted in the puncture. 

In connection with the inoculation experiments it was thought 
desirable to test the power of these species of fungi to grow in 
culture. This was done by preparing a quantity of petri dishes 
of sterile agar and transferring, under sterile precautions, some of 
the fungus from the pure cultures to several places upon the agar. 
The apples inoculated with a single species of fungus were put 
together and packed in a separate compartment in a bushel box. 
The plate cultures were wrapped in clean paper and packed in with 
the apples... Immediately after completing the work the boxes 
were taken by a special messenger to a commercial cold storage 
plant and at once placed in a room where the temperature was 
31° F. Records of the temperature in this room were taken six 
times each day at regular intervals. The record gave 360 readings 
during the time the experiment was in progress; 3 were 20°, I 
Wee, 07 Were 20°, 75 were 3032-5 143) were’ 31°,’ 27 “were 
Siac A Were 32°. 

The apples and cultures were all removed from the cold storage 
house on May g and examined that day. The results were as 
tollows: 
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TABLE I.— ConpiTION oF INOCULATED APPLES AND CULTURES AFTER BEING IN 


Fungus. 


Alternaria sp. 


Bitter rot, 
Glomerella 
rufomaculans. 


Black rot, 
Spheropsis 
malorum., 


Blue mold, 
Penicillium 
glaucum, 


Brown rot, 
Sclerotinia 
fructigena. 


Pink rot, 
Cephalothecium 
roseum., 


Scab, 
Venturia 
inequalis, 


FIRST TEST. 
Growth in apples. 


No growth in any’ of the 
fruits. 


No growth in any of the 
fruits. 


No growth in any of the 
fruits. 


An area of decay more 
than an inch in diam- 
eter has developed at 
every point of inocu- 
lation. 


No growth in any of the 


fruits. 


No growth in any of the 
fruits. 


No experiments with 
fruit. 


Cotp SrorAGE’ Two MonrHs. 


Growth in cultures. 


Slight growth. 


No growth. 


No growth. 


Small growth in all the 
petri dishes. 


No growth. 


No growth. 


Slight growth in the 
dishes and on sugar 
beet plugs. 


The condition of the apples is shown in Plate III, which is a 
reproduction of a photograph made the same day the fruit was 


removed from cold storage. 
After making the notes and the photograph the apples were 
placed in a room where the temperature was about 70° F. during 


the day but somewhat less at night. 


Notes on the progress and 


development of the decay were made on May 16 and 23, the con- 


ditions being as follows: 
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Tas_Le I].— CoNpDITION oF INOCULATED APPLES REMOVED FROM COoLp STORAGE 


Fungus. 


Alternaria sp. 


Bitter rot, 
Glomerella 
rufomaculans. 


Black rot, 
Spheropsis 
malorum, 


Blue mold, 
Penicillium 
glaucum, 


Brown rot, 
Sclerotinia 
fructigena. 


Pink rot, 
Cephalothecium 
roseum, 


TO WARM ‘TEMPERATURE. 


FIRST TEST. 
Condition on May 106. 


Decay has developed 
about the point of in- 
oculation on all fruits. 


Decay area about % inch 
in diameter has devel- 
oped about the point 
of inoculation on all 
fruits. 


Decay has developed to 
small extent. 


’ 


Decay developed vigor- 
ously. 


Decay developed vigor- 
ously in all varieties 
except Northern Spy, 
on which it has made 
small development, 
fungus rusting most 
abundantly on Baldwin 
and R. I. Greening. 


Decay has developed at 
the point of inocula- 
tion in each case. 


Condition on May 23. 


Decay has continued to 
develop in every case. 


Decay has continued to 
develop. Fungus is 
fruiting freely. 


Decay has affected about 
one-half of each fruit. 


Decay spread over entire 
fruit. 


Decay spread over entire 
fruit. 


Decay developed consid- 
erable fungus on some 
apples. 


Plate IV shows the condition of the apples on May 23. 


The duplicate of this experiment was prepared on March 13, 


1905. 


The same species of fungi and the same varieties of apples 


were used. The details of the inoculations were the same. A 


cifferent cold storage house was used. A few hours after the in- 


oculations were made in the laboratory the apples were stored in 
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this house, being taken there by messenger. The temperature was 
1ecorded at different periods four times each twenty-four hours. 
An examination of these records shows that at 4 readings the tem- 
perature was 30°, at 3 it was 3014°, at 45 it was 31°, at 74 it was 
3114°, at go it was 32°, at 25 it was 3212° and at 4 it was 33° F. 

The apples and cultures were removed from the cold storage 
house on May 13, 1905, and at once brought to the laboratury by 
messenger and immediately examined. Their condition was as 
stated in the following table: 


TABLE III.— CoNDITION oF INOCULATED APPLES AND CULTURES AFTER BEING 
IN CoLp STORAGE FoR Two MONTHS. 


SECOND TEST. 
Fungus. Growth in apples. Growth in cultures. 
Alternaria sp. On some fruits there has No growth. 


been a slight growth, 
but nothing of impor- 


tance. 
Blue mold, Large decayed spots at Vigorous colonies in each 
Penicillium the point of every in- culture, 
glaucum. oculation. 
Brown rot, No growth in any of the No growth. 
Sclerotinia fruits. 
fructigena. 
Pink rot, No growth in any of the No growth. 
Cephalothecium fruits, 
roseum. 
ca, No experiments with Small growth in the cul- 
Venturia fruit. tures. 
inequalis, 


The condition of these apples and cultures upon removal from 
the cold storage house was the same as those in the first experi- 
ment. ‘The experiments were comparable in every way and the 
results are practically identical. 

As was done in the first experiment, the apples were photo- 
graphed and then put away in a place at room temperature — about 
70° during the day. They were examined in one week and again 
in two weeks, their condition being as follows: 
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Table 1V.— ConpITION oF INOCULATED APPLES REMOVED FROM COLD STORAGE 
TO WARM TEMPERATURE. 


SECOND TEST. 


Fungus. Condition on May 20. Condition on May 27. 

Alternaria sp. Small decayed spots at Decay has continued to 

the points of inocula- develop. 
tion. 

Bitter rot, Small decayed spots at Decayed spots have en- 
Glomerella point of every inocula- larged. 
rufomaculans. tion. Fungus fruiting 

on some. 

Black rot, Decay has developed at Most of the fruits en- 
Spharopsis point of every inocu- tirely decayed. 
malorum. lation. 

Blue mold, Large part ofevery fruit Decay has spread. 
Penicillium has decayed. 
glaucum., 

Brown rot, Decayed area of good Decay has spread. 
Sclerotinia size at nearly every 
fructigena. point of inoculation. 

Pink rot, Decay has started at the Decay has continued to 
Cephalothecium point of inoculation in develop. 
roseum, most cases. 


These results agree in every respect with those of the first ex- 
periment and again demonstrate that the low temperature does not 
destroy the fungus, but simply retards its germination and growth. 


THE EXPERIMENTS OF 1906. 


The next year, the winter of 1906, another similar experiment 
was made. ‘The same cuid storage house was used as in the first 
experiment. 

Pure cultures of the species ot fungi used were obtained by mak- 
ing dilution plate cultures from material secured from natural in- 
fections. From these, sub-cultures on sugar beet plugs were made 
and the inoculations made from the last one after its pathogenicity 
had been tested. 

Nine varieties of apples were used, some of each variety being 
inoculated with each species of fungus used. The usual precau- 


» 
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tions were taken to clean the fruit before the inoculations and to 
use sterile instruments in doing the work. 

Immediately after the inoculations were made the fruit was taken 
by messenger to the cold storage house and placed at once in a room 
that contained other fruit where the temperaturé was 32° F. 

The varieties used were Swaar, Fall Pippin, Twenty Ounce, 
‘Winter Banana, Deacon Jones, Fameuse, Reinette Pippin, Dickin- 
son and Water. The same species of fungi were used as before, 
together with a few other species of no commercial importance. 

The inoculations were made and the fruit placed in the cold 
storage house on January 18, 1906. It was removed, brought to the 
laboratory at Geneva, photographed and examined on March 22, 
thus being in the storage house 9 weeks. | 

The condition of the fruit upon its removal was as indicated in 
the following table: 


TABLE V.— CONDITION OF INOCULATED APPLES AFTER BEING IN COMMERCIAL 
CoLtp STORAGE FOR NINE WEEKS. 


THIRD TEST. 
Fungus. Growth in fruit. 


Alternaria sp. Decay has started at point of inoculation, but of 
very slight development. 


Bitter rot, Fruits all sound. 
Glomerella 
rufomaculans. 


Black rot, Fruits all sound. 
Spheropsis 
malorum. 
Blue mold, Decay has started at all the points of inoculation, 
Penicillium except in one fruit. 
glaucum., 
Brown rot, Fruits all sound. 


Sclerotinia 
fructigena, 


Pink rot, Fruits all sound. 


Cephalothecium 
roseum. 


These results agree with the previous experiments. 
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PLATE VII.— PENICILLIUM GLAUCUM SporES DESTROYED BY SULPHUR 
FUMIGATION. PETRI DISHES OF STERILE AGAR WERE EXPOSED ON THE 
FLoor OF A RooM ONE-HALF Hour AFTER SporES oF FUNGUS 
WERE DIFFUSED THROUGH THE AIR: 1, BEFORE FUMIGATION OF 
APPLES; 2, AFTER FUMIGATION OF APPLES. 








PLtaTE VIII.— Aprrtes INJURED BY SULPHUR FUMIGATION: 1, Esopus 
SPITZENBURG APPLE INJURED IN SOME UNKNOWN Way (PROBABLY 
BY SULPHUR FUMIGATION); 2, Esopus SpITZENBURG APPLE IN- 
JURED BY SULPHUR FUMIGATION. 








PLATE IX. — Box or Esopus SpitzENBURG APPLES INJURED IN SOME UN- 
KNOWN Way (PROBABLY BY SULPHUR FUMIGATION); 2, SCAB SPOT 
or APPLE, MucH ENLARGED, SHOWING THE MANNER OF GROWTH 
BENEATH THE EPIDERMIS. 
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As was done in the other cases, the fruits were placed in a room 
where the temperature was about 60° F. during the day and some- 
what less during the night. 


At the end of one and two weeks the conditions were as follows: 


4 


TABLE VI.— CONDITION OF INOCULATED APPLES REMOVED FROM COLD STORAGE 


Fungus. 


Alternaria sp. 


Bitter rot, 
Glomerella 
rufomaculans, 


Black rot, 
Spheropsis 
malorum, 


Blue mold, 
Penicillium 
glaucum. 


Brown rot, 
Sclerotinia 
fructigena. 


Pink rot, 
Cephalothecium 
roseum. 


TO WARM ‘TEMPERATURE. 


THIRD TEST. 


Condition of the fruit on 
March 31. 


Decayed spots enlarged 
in most of the fruits. 


Slight decayed areas. 


Slight decayed areas. 


Large decayed areas on 
all of the fruits, 


Large decayed areas on 
most of the fruits. 


Fungus is growing, but 
decayed spots are 
small. 


Condition of the fruit on 
April 7. 


Decayed spots have con- 
tinued to enlarge. 
Fungus is fruiting. 


Decay developing and 


fungus fruiting at 
nearly every point of 
inoculation. 


Decay areas enlarging. 


All fruits completely de- 
cayed. 


Every fruit more than 
one-half decayed. 


Fungus is growing and 
causing decay. 


These results were also the same as in the previous experiments. 
These experiments were made with the same species of fungus, 


using an assortment of varieties of apples, and the results are con- 
sistent in all cases. None of the fungi used proved to be capable 
of developing in the low temperature except the blue mold, Pencil- 
lium glaucum, which grew sparingly. The low temperature did 
not destroy any of the fungus spores, but simply retarded their 
germination. Upon removal to a higher temperature germination 
took place and decay of the fruit tissue resulted. 
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This inoculated fruit was in cold storage for two months or a 
little longer. It is possible, though not probable, that some of the 
species of fungi used would have developed and produced decay 
if the time had been extended. 

All of the apples used in these experiments were kept in cold 
storage until shortly before being inoculated and hence did not go 
into the storage house in a warm condition. Had they been warm 
when they were placed in storage the kind of package used (bushel 
boxes) would have been quite important, for the fruit in a small 
package will cool down comparatively soon after going into a cool 
room. When large packages (barrels) are used, and the apples are 
warm, those in the center do not cool down to the temperature of 
the air of the room for some days. 

Occasionally, barrels of apples are removed from cold storage 
and upon examination some of the fruit is found to be in a partly 
decayed condition, produced by the growth of some of the species of 
fungi that the preceding experiments have shown to be incapable of 
growing in the low temperature of a cold storage house. Assuming 
that the storage house was properly operated, such a condition of 
the fruit upon removal can be accounted for in two ways: (1) The 
apples may have been barreled and allowed to remain in the orchard 
or a shed or were on a railroad for some time. (2) It is possible 
also that decay would be found in barrels of apples that had been 
stored immediately after harvesting, if the weather at the time was 
warm. Under such conditions the fruits would go into the barrel 
warm and would be surrounded by warm air, and if the tempera- 
ture of the fruit or air was 75° or 80° F. it would require about a 
week before the temperature of the fruit in the center of the barrel 
would be reduced to or near the temperature of the store room. 
But during the time the fruit was cooling decay could start and 
develop to some extent. Especially would this be true with a decay 
which develops quickly like bitter rot. 

It is unfortunate that the only fungus that grows and produces 
decay in commercial cold storage is the most destructive and also 
most common species. But this rot is what might properly be 
termed a mechanical one, as the losses from it most often follow 
mechanical injuries to the fruit. Proper and careful handling will 
greatly reduce these injuries and therefore lessen the amount of 
decay from this rot. 
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AN EXPERIMENT IN TEMPERATURE OF 35° TO 50°. 


_ An experiment similar to the previous one was made where the 
inoculated apples were placed in a temperature of from 35° ¢ 
50° F., the average being 47° F., determined by a maximum and 
mininum thermometer. 

The same species of fungi were used as in the previous work 
and the varieties of apples were King, Baldwin, Rhode Island 
Greening, Northern Spy, Russet and Sutton. 

The details of preparing the cultures, treating the apples and 
making the inoculations were the same as in the other experiments. 

After the apples had been in this temperature for five weeks they 
were examined and all- those inoculated with Alternaria sp., Glomer- 
ella rufomaculans (bitter rot) and Spheropsis malorum (black 
rot) had developed decay spots % to 1 inch in diameter at the point 
of inoculation. The decayed spots in the apple inoculated with 
Cephalothecium roseum (pink rot) were smaller. Three-fourths 
of every apple inoculated with Pemictllimm glaucum (soft rot) was 
decayed. The culture of Sclerotima fructigena (brown rot) which 
was used seemed to have lost its pathogenicity and the apples inocu- 
lated with this did not decay. 

Petri dish cultures on potato agar were also made at the time the 
apples were inoculated and kept in the same room with the apples. 
In all of these cultures good growth of the different species of fungi 
developed. 

At the end of the 5 weeks the apples were removed to a higher 
temperature and the decays developed rapidly. 


AN EXPERIMENT IN A TEMPERATURE OF 48° TO 60°. 


Another experiment was made, conducted in the same way as 
the previous ones, using a temperature of from 48° to 69° F., the 
average being 60.7° F., determined by a maximum and minimum 
thermometer. 

At the end of 3 weeks the apples inoculated with Alternaria sp. 
and Cephalothecium rosewm (pink rot) showed small decayed spots 
at the point of inoculation. 

Those inoculated with Spheropsis malo um (black rot), Sclero- 
tima fructigena (brown rot) and Penicillium saa (blue mold) 
were practically all decayed. 

Those inoculated with Glomerella rufomaculans (bitter rot) 
showed decayed spots I to 2 inches in diameter at the point of each 
inoculation. 
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IL PEACH! ROT GOLD SORA. 


The most severe and common decay of mature peaches is caused 
by Sclerotinia fructigena (brown rot). Since peaches are fre- 
quently put in commercial cold storage warehouses it was thought 
advisable to have some data regarding the behavior of this fungus 
in the temperature of the storage house. 

Pure cultures of the fungus were secured by making dilution cul- 
tures with material from naturally infected fruit. 

The varieties of peaches used were Iron Mountain, Floss and 
Hunt. A quantity of the fruit was secured and one-half of each 
variety inoculated by injecting some of the fungus from the pure 
culture beneath the skin. The other fruits were inoculated by con- 
tact which was done by first rolling them over paper moistened with 
distilled water and then over a quantity of the spores secured from 
several natural infections. 

Immediately after the inoculations were made the fruits were 
taken by messenger to a commercial cold storage house in which the 
temiperature was held at 32° F. 

At the end of two weeks all of the fruits were removed and ex- 
amined. Of those inoculated by puncture the conditions were as 
follows: Iron Mountain, 65 per ct. of fruits showed decayed spot 
Y% inch or less in diameter at the point of inoculation, 35 per ct. 
were entirely sound; Floss, 81 per ct. of the fruits showed decayed 
spot 34 inch or less at point of inoculation, 19 per ct. were entirely 
sound; Hunt, 56 per ct. showed decayed spot ™% inch or less at 
point of inoculation, 44 per ct. were entirely sound. The condi- 
tion of some average specimens of these fruits is shown in Plate V. 

None of the fruits inoculated by contact showed any decay at 
the end of two weeks. 

When the fruits were taken out of cold storage they were kept 
in a room where the temperature was rather low, so the decay did 
not develop rapidly. But at the end of ten’days the fruits inocu- 
lated by puncture were all decayed. Those inoculated by contact 
were as follows: Iron Mountain, all of the fruits decayed; Floss, 71 
per ct. decayed, 29 per ct. sound; Hunt, 80 per ct. decayed, 20 per 
ct. sound. The condition of some of these fruits is shown in Plate 
Wal. 

These results indicate that the development of the brown rot in 
peaches is practically checked while the fruit is in commercial cold 
storage, even though the fungus can enter the fruit through a break 
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in the epidermis. Peaches with a sound epidermis rolled in spores 
of the brown rot fungus did not develop the decay while in cold 
storage. 


III. SULPHUR FUMIGATION TO DESTROY APPLE 
ROT FUNGI. 


Experiments have been made to determine if it is possible by 
fumigation to destroy the spores of the various species of fungi 
that cause the decay of apples. If this were practicable it might be 
desirable to do so at the time the fruit storage house is being cleaned 
in preparation for the new crop. Especially would this be the case 
in an ordinary storage room where fruit is often allowed to decay 
and remain for some time. 

The method of conducting these experiments was to first inocu- 
late a quantity of apples with pure cultures of the various species 
of fungi. When the decay had developed in these fruits and the 
fungus was fruiting freely, cultures would be made by transferring © 
some of the fungus to a sterile sugar beet plug, thus determining 
whether it was in an active condition. The fruits would then be 
placed in a tight room and different amounts of sulphur burned. 
Upon opening the room, usually a day later, cultures would again 
Le made from the apples, thus determining whether the fungus was 
active or had been destroyed by the fumigation. Experiments were 
also made by blowing the spores of Penicillium glaucum (blue 
mold) in the air and then fumigating and determining if this de- 
stroyed the spores. 

The apples used had been artificially inoculated with the follow- 
ing species of fungi which were fruiting freely on decayed areas: 
Glomerella rufomaculans (bitter rot), Spheropsis malorum (black 
rot), Penicillium glaucum (blue mold), Sclerotinia fructigena 
(brown rot), Cephalothecium roseum (pink rot) and Rhizopus sp. 

Before the fumigation, cultures were made of these fungi by 
transferring some of the spores to sterile sugar beet plugs in test 
tubes. When this was done the apples were placed in a tight room 
8x9xiIo feet, equal to 720 cubic feet. Four ounces of flowers of 
sulphur was placed in a dish and burned. 

The room was kept closed for about 24 hours. When opened, 
cultures were again made in the same way as before, thus determin- 
ing whether the spores had been destroyed by the fumigation. 

The results indicated that all but the spores of Penicillium glau- 
cum (blue mold) were destroyed. These were growing vigorously. 
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Repetitions of this experiment were made, using 4%, 1, 1% and 2 
pounds of sulphur. One and one-half pounds of sulphur burned in 
a tight room which was kept tightly closed for about 24 hours gave 
fairly satisfactory results, but 2 pounds of sulphur gave entirely 
satisfactory results. 

In this experiment there were used a large number of apples, 
which had been artificially inoculated and were producing an abund- 
ance of spores of the fungus. | 

After transfer cultures were made from all of these apples they 
were placed in a room which was made as tight as possible and the 
fumigation was done as follows: A large pan placed on the floor 
in the center of the room was filled with a quart or more of water, 
two bricks were set edgewise in this pan and on them rested a 
small tin pan which contained the 2 pounds of sulphur. This was 
easily ignited in the place where a teaspoonful of alcohol had been 
poured. The arrangement of the sulphur over water was done to 
eliminate any danger there might be from fire. 

The room was closed immediately after the sulphur was ignited. 
About 24 hours later it was opened. Cultures were again made 
from all the apples. After a reasonable time was allowed for their 
growth they were all examined. Those made before fumigation 
were growing vigorously while those made after the fumigation had 
not grown at all. They were all kept under observation for some 
time, but no growth developed in any cultures made after fumiga- 
tion. 

The experiments to destroy the spores of Penicillium glaucum 
(blue mold) in the air were made by fumigating with 1 and 1% 
pounds of sulphur to 720 cubic feet of space. The results with 1 
pound indicated that it was insufficient, but 11% pounds was used 
with good results. | 

The method was to secure a quantity of apples that were weil 
covered with the spores of Penicillium glaucum (blue mold), part of 
them being placed on shelves in the room where the fumigation was 
done, the others set on a plate, and by vigorous fanning the spores 
were blown all about the room. One-half hour later 12 petri dishes 
containing sterile potato agar were placed on the floor of the room 
and their covers removed for exactly 3 minutes. During this time 
the operator remained in the room so as not to cause any unneces- 
sary air currents by opening the door to go out. 

The fumigation was then done in the way previously described. 
The room was kept closed for about 24 hours. When opened the 
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apples that were left in were set on a plate and the spores on them 
blown about the room. One-half hour later 12 petri dishes of 
sterile potato agar were exposed for 3 minutes in the same way as 
was done before fumigation. 

A few days later an examination was made of all the plates. 
Those exposed before fumigation were completely filled with 
colonies of the blue mold. In the 12 plates exposed after fumiga- 
tion most of them were entirely sterile and in the others there were 
only a few scattered colonies, which very evidently came as a re- 
sult of contamination. See Plate VII. 

The results of these experiments indicate that the spores of the 
fungi that cause the most common decays of apples, whether on the 
decayed fruit or floating in the air, can be destroyed by sulphur 
fumes, using about I ounce of sulphur to 25 cubic feet of space. 


IV. APPLE INJURY BY SULPHUR FUMIGATION. 


In March, 1905, a box of injured Esopus Spitzenburg apples was 
received at this Station with a request to diagnose the trouble, if 
possible. The apples were grown and packed in the State of Wash- 
ington and shipped to New York where they were placed in cold 
storage. Upon being removed, some of the boxes of fruit showed 
_ the trouble while others from the same car were sound. 

The fruit was of the first grade and each apple wrapped in paper. 
The financial loss was important, as a considerable amount of high 
_ priced fruit had been ruined from a commercial standpoint. 

Scattered irregularly over the surface of each apple were con- 
spicuous spots of various sizes where the epidermis was dead, dis- 
colored and slightly sunken. Each spot was nearly circular, though 
on some apples the adjacent spots had coalesced, forming a large 
affected area of irregular shape. Beneath each spot to the depth of 
a few millimeters the flesh was dead, shrunken and dry, appearing 
as though affected with a dry rot. See Plate VIII, fig. 1. There 
was no disagreeable odor or taste to the dead flesh or epidermis. 

In the center of each of the smaller spots, and scattered over the 
larger affected areas, were small bodies resembling the pycnidia of a 
fungus, but examination showed them to be only the normal lenti- 
cels of the apples. Failure to find either fungi or bacteria as a 
cause of the injury led to the belief that some treatment of the 
fruit, such as fumigation, might be the cause. Sulphur, being com- 
monly used for fumigation, was experimented with to note the 
effect of the fumes upon ripe apples. Fruits of different varieties, 
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including Esopus Spitzenburg, were placed in a bel! jar which was 
then filled with sulphur fumes. After five minutes the fruit was 
removed and found to have developed numerous spots that were in 
every way identical with those on the apples received for examina- 
tion etsate LLL. tevez, 

The experiment was repeated many times with wet and dry 
fruits, but the characteristic spots were always produced, though 
more conspicuous on red apples. ‘The spots continued to enlarge 
for some time after the fruits were removed from the fumes. 

The presence of a lenticel in the center of each spot would indi- 
cate that the sulplus dioxid passes into the fruit at this point and 
causes the bleaching of the tissue. A similar effect was produced 
when an artificial break in the epidermis was made. A lenticel 
makes a strong color contrast with the bleached epidermis, thus 
giving it the appearance of a pycnidium. NHydrocyanic acid gas 
was also tried but it did not injure the fruits, though a strong ap- 
plication was made for a good length of time. 

These were the only two substances used; it is possible that other 
chemicals would produce a similar injury. 

Why there should ever have been a desire to fumigate the fruit 
with anything is not clear. Where it was done and by whom could 
not be determined. It was first class fruit in every respect and 
certainly could not have been improved by any known treatment. 
It is possible that it was done by mistake when a car or store house 
was being fumigated. : 

The incident is valuable in bringing out the danger of fumiga- 
ting fruit with sulphur, even though these apples may have been in- 


jured in some other way. 


V. (ENLARGEMENT OF ‘APPLE’ SCAB’ SPOTS3O a Dna 
COVERING OF BORDEAUX MIXTURE. 


The question often arises, will the development of a scab spot, 
Venturia inequalis, upon an apple be checked if it is thoroughly 
covered with bordeaux mixture? Opinions upon this subject seem 
to have differed. Fairchild? states that the scab spot will grow 


1Fairchild, D. G. Bordeaux mixture as a fungicide. U. S. Dept. of 
INGT. LIV, Of Vet tO Dee 
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beneath a layer of bordeaux mixture. Craig? states “ that it is true 
that a scab spot will cease to enlarge if thoroughly covered with 
bordeaux mixture”? and Warren? reports that the spot will continue 
to grow though covered with spray. 

These reports appear to have been based upon general observa- 
tions. Growers frequently want to know definitely about the mat- 
ter as it has an important bearing upon the advisability of a late 
summer spraying in seasons when scab is especially severe. That 
information based upon experimental data might be secured, the 
following tests were undertaken: 

On August 1, a number of apples showing well defined scab spots 
were found upon a Carolina June tree. They were conspicuously 
marked and the scab spot or spots to be under observation were 
numbered by marking upon the fruit with water proof ink and then 
making careful measurements of the spots. Part of the apples were 
thoroughly sprayed with bordeaux mixture, the others being re- 
served for checks. The bordeaux was the 5-5-50 formula and ap- 
plied very thoroughly especially on the scab spots. 

Frequent examinations were made of these apples and measure- 
ments and notes taken. In all but one case the spots that were 
covered with the bordeaux mixture continued to enlarge, as did all 
of the spots that were marked for checks. 

Similar tests were made on August 3 with Rhode Island Greening 
and Fall Pippin. On August 6 with the same varieties and on 
August 30 with Rhode Island Greenings. In every one of these 
tests all of the scab spots enlarged after they had been covered with 
a thick coating of bordeaux mixture. 

These results are what would be expected, as it is known that the 
scab fungus grows in the fruit beneath a thin outer layer known as 
the epidermis. See Plate IX, fig. 2. The margins or growing 
portion of the scab spot is then protected and beyond the reach of 
the action of the bordeaux mixture. 


* Craig, John, and Van Hook, J. M. Pink rot an attendant of apple 
scab. Cornell Sta. Bul. 200, p. 167. 

* Warren, G. F. An apple orchard survey of Wayne County, New York. 
Cornell Sta. Bul. 226, p. 3309. 
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THE SPOROTRICHUM BUD-ROT OF CARNATIONS 
AND THE SILVER TOP OF JUNE GRASS.* 


F.C. STEWART anv H. E. HODGKISS. 
SUMMARY. 


The carnation bud-rot herein described is identical with the dis- 
ease discussed by Heald and Wolcott tn Nebraska Experiment Sta- 
tion Bulletin No. 103. It is known to occur in several greenhouses 
in New York, Illinois and Nebraska, but probably it is not of great 
economic importance. 

Silver top is a widespread grass trouble well known to ento- 
mologists, but not thoroughly understood. The flower panicles 
wither before they have become fully expanded. In New York, 
June grass (Poa pratensis) is very generally affected with 
silver top. 

Carnations affected with bud-rot are invariably infested with a 
certain fungus almost constantly associated with a particular species 
of mite. The same fungus and mite are frequently found similarly 
associated on June grass culms affected with silver top. It has 
been proven that the fungus, by itself, is capable of producing bud- 
rot of carnations. The relation of the mite to the carnation disease 
is not entirely clear. ‘Probably it acts as a carrier of the fungus. 
The relation of the fungus and mite to the silver top of grass has 
not been investigated. 

Although the fungus of carnation bud-rot and the fungus on June 
erass have received different names (the former S poro- 
trichum anthophilum. Pk. and,‘the , latter,, pornos 
trichum poe Pk.), laboratory studies and inoculation experi- 
ments show them to be oneand the same species. S. po@, being 
the older of the two names, must be given precedence. 

The mite is the same as the one to which Wolcott gave the name 
Pediculoides dianthophilus ; but it has been identi- 
fied positively as Pediculopsis graminum Reut. which, 
according to Reuter, is the chief agent in the production of silver 
top of grasses in Finland. 


*A reprint of Technical Bulletin No. 7. 
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BUD-ROT OF CARNATIONS! 


In November, 1905, a Long Island? florist sent to the Experi- 
ment Station some diseased buds of the carnation, Dianthus caryo- 
phyllus L., accompanied by a request for information concerning 
the cause of the disease and its control. The sender stated that he 
had been growing carnations extensively for thirteen years and had 
never before had any trouble of this kind. ‘Six to eight per ct. of 
the buds were ruined. The plants bearing the diseased buds were 
thrifty and belonged chiefly to the varieties Lawson, Bradt and 
Enchantress. The disease reappeared in the autumn of 1906 and 
again in 1907 with about the same severity as in 1905. Each year 
the diseased buds have been most plentiful between October 1 and 
January 1, the trouble disappearing almost completely after about 
the middle of January. 

The disease is characterized as follows: Outwardly, ‘the affected 
buds usually appear like normal buds partially opened, but upon the 
interior they are brown, decayed and generally moldy. Sometimes 
the decayed tissue shows at the center of the bloom on top and in 
the advanced stages it may be seen on the sides between the calyx 
teeth. The stamens, styles and lower portions of the petals are at- 
tacked first. Frequently, the pistil, also, is affected. The tips of 
the petals are the last to be attacked and it often happens that petals 
badly decayed in their lower parts covered by the calyx appear 
quite normal at their exposed tips. When small, unopened buds are 
killed by the disease the calyx also frequently becomes affected, but 
in large buds the calyx usually remains green and normal although 
the other parts may be a mass of decay. 

The brown decayed tissue on the interior of the diseased buds is 
thoroughly permeated by the mycelium of a fungus, a species of 
Sporotrichum, usually plainly visible as a loose, cottony white mold. 

The first lot of specimens from Long Island contained eight 
partially-opened buds every one of which showed an abundance of 
the Sporotrichum sporulating freely. No other fungus was present. 
In every case the Sporotrichum was apparently in pure culture. 
However, three of the buds contained, also, a few glistening, 


*By F. C. Stewart. 

* The exact location of the infested greenhouses is withheld out of deference 
to the wishes of the owner who desires to avoid publicity and possible 
injury to his business therefrom. 
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whitish, ovoid bodies about the size of red clover seeds. These 
were supposed to be the eggs of some insect, but no larve were 
seen and there was no mutilation of the tissues by insects. The 
evidence plainly pointed to the Sporotrichum as the cause of the 
decay. This aroused the writer’s interest since there are few plant 
parasites among the numerous species of Sporotrichum® although 
the genus contains some important insect parasites the most notable 
one being S. globuliferum, a destructive parasite of the chinch-bug 
and several other insects.* Specimens of the carnation Sporo- 
trichum were sent to Prof. Peck who pronounced it a new species 
and named it Sporotrichum anthophilum.® 

At our request, the Long Island florist forwarded (Nov. 11, 
1905) another package of specimens containing 24 diseased buds 
very similar to those sent previously. In every one of these there 
was an abundance of Sporotrichum mycelium and some spores 
while in the majority of them multitudes of spores were found. 
No other fungus was seen, but most of the specimens contained a 
few of the supposed insect eggs previously mentioned. An unsuc- 
cessful attempt was made to hatch some of them. Pure cultures of 
the Sporotrichum were obtained. It was found to grow readily 
and sporulate freely on potato agar and on sterilized plugs of sugar 
beet. On the latter medium a bright red color is produced 
wherever the hyphze come in contact with the beet. 

December 8, 1906, ten more affected buds were received from 


*The following species of Sporotrichum are probably parasitic on plants: 
S. arabicum Massee on the inflorescence of Phanix dactylifera; S. bi- 
parasiticum Bubak on branches of Corontlla emert; S.. canescens Speg. on 
the hyphe of Cercospora hydropiperis; S. hellebori Oud. on the leaves of 
Helleborus fetidus; and S. parasiticum Peck on the black knot fungus, 
Plowrightia morbosa (Peck, C. H., N. Y. State Mus. Nat. Hist. Rpt., 45: 82) 
and on sclerotia of the grape black rot fungus (Prunet, A. Abstract in 
ET Poms iG NeCaahl = hain 

“For experiments on the destruction of chinch-bugs by means of Sporo- 
trichum globuliferum see the following: 

Snow, F. H. Contagious diseases of the chinch-bug. Univ. of Kansas 
Exp. Sta. Ann. Rpts. of the Director 1-5. 1891-5. 

Forbes, S. A. On contagious disease in the chinch-bug (Blissus leucop- 
terus Say). Nineteenth report of the State Entomologist on the noxious 
and beneficial insects of the State of Illinois. Eighth report of S. A. Forbes 
for the years 1893 and 1894, pp. 16-176. 1895. Contains an extensive bibli- 
ography with short abstracts. 

° Peck, C. H. Report of the State Botanist. 1905. N. Y. State Mus., 
Bul. 105: 28. 1906. 
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Long Island. They presented the same symptoms as those studied 
in 1905. One was brown and dry, but the other nine showed ap- 
parently healthy petals on the outside while within they were all 
more or less decayed. In all ten buds the decayed tissue was 
overgrown with Sporotrichum which was fruiting profusely. No 
other fungus was found in any of the specimens, but the whitish, 
ovid, egg-like bodies were again in evidence. 

At this point in the investigation Mr. H. E. Hodgkiss, Assistant 
Entomologist, discovered that the supposed insect eggs were in 
reality mites having enormously distended abdomens. It was de- 
cided that he should make a study of the curious creatures and 
their relation to the carnation disease. The results of his investiga- 
tion appear on pages 159, 165. 

A fourth lot of specimens received from Long Island on Decem- 
ber 19, 1906, was divided between Mr. Hodgkiss and the writer. 
The latter’s share consisted of 14 buds in the early stages of the 
disease. Every one was thoroughly infested with Sporotrichum. 
No other fungus was found. 

A fifth lot of specimens, received August 9, 1907, differed from 
any previously seen in that they were quite small buds which had 
died and become brown long before reaching the blooming stage. 
On the interior the dead buds were moldy with Sporotrichum. 
They came from plants which had been transplanted into the green- 
house about July 1. 

Still a sixth lot of specimens was received October 2, 1907. It 
contained 18 buds most of which would readily pass for healthy 
buds about one-half open. Yet, within, every one was badly dis- 
eased and overgrown with Sporotrichum. Mites, also, were 
present. | 

Besides the establishment above mentioned, at least one other 
Long Island greenhouse is known to be infested with the Sporo- 
trichum bud-rot. Several specimens of the disease were found here 
in August, 1907, and the writer has in his possession notes and 
drawings showing that he saw the same disease in this greenhouse 
in January, 1901. At three different times during 1907 (February, 
August and November) a large carnation establishment at Geneva 
was searched for evidence of the Sporotrichum disease. Each time 
traces of it were found, and curiously enough the same peculiar 
mite was associated with it. A circular letter of inquiry sent out 
by the Station in December, 1907, to about sixty New York florists 
elicited twenty-five replies. Five florists reported having had more 
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or less trouble with carnation bud-rot, but only one sent specimens 
of the Sporotrichum disease. These came from a greenhouse in 
the middle Hudson Valley. The diseased buds showed the same 
Sporotrichum and mites as those previously examined. The owner 
stated that the disease was not destructive. 

The disease is known to occur also in Nebraska and Illinois. Dr. 
F. D. Heald, Botanist of the Nebraska Station, sent us specimens 
from Nebraska showing both Sporotrichum and mites. More will 
be said about these specimens later. In Illinois it is prevalent in 
greenhouses about Chicago and Bloomington. For our knowledge 
of the disease in Illinois we are indebted to Mr. J. J. Davis, Field 
Entomologist for Northern Illinois. Mr. Davis discovered the 
carnation bud-rot in October, 1907, and at once began a study of it. 
Later, finding that the writers had the subject under investigation, 
Mr. Davis kindly sent us his notes for use in this bulletin. They 
are as follows: 

“J first found rotting carnation buds containing mites on October 
24, 1907, in greenhouses at Chicago. Mr. A. C. Beal has since 
found this same injury in houses in Bloomington. No other carna- 
tion houses in Illinois (excepting two at Centralia, referred to later) 
have been inspected, but as these two localities are widely separated 
it is quite probable that it is generally distributed over the State. It 
was quite general in the houses at Chicago and sufficiently abundant 
in some houses to cause alarm among growers. 

“The rot was most abundant during the latter part of October 
when I first observed it. In the house which was worst infested 
the rotted buds were picked at that time. This house was again 
visited in December and very few decayed buds were found. In 
other houses, only occasional rotted buds were found on this latter 
date, where they had been rather common a month before. Here, 
likewise, the diseased buds had been picked since the first observa- 
tion. Upon a third observation made January 21, 1908, not a sing!e> 
infested bud could be found. 

“The white varieties such as Lawson and Perfection seemed 
to be the worst attacked. The pink and light red varieties were 
only slightly affected, while among the dark red varieties I found 
no rotting buds. 

“From my observations it seems evident that the mite is the 
direct cause of the fungus attack, for in all cases the rotting begins 
in the center of the bud and were it a fact that the spores are dis- 
seminated by wind or water we should expect to find the rot begin- 
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ning from the outside, at least in some cases. Also, mites were 
found in all buds with the characteristic rot. Usually, there were 
but two or three mites in a single bud, sometimes only one, while 
occasionally as many as ten or more were found. 

“ Following an initial determination by Mr. Hodgkiss, Mr. H. E. 
Ewing of the University of Illinois made a careful examination of 
the mites in the diseased buds and found that, except in one bud, 
they were all Pediculopsis graminum Reuter. In the bud excepted, 
the mites were of the species Tyroglyphus lintnert Osborn. This 
bud had been left in a covered lamp chimney used as a breeding 
cage and when examined several days later over 100 mites and 50 
or more eggs of the same were found in the bud, all of which 
proved to be of the last mentioned species. Whether they were the 
original inhabitants that carried the fungus spores to the bud or 
whether they got into the rotting bud accidentally could not be de- 
termined, but in any case they are not the species generally asso- 
ciated with the bud-rot. The fungus which is associated with these 
mites and is the cause of the rot was determined by Mr. J. T. Bar- 
rett of the University of Illinois as a species of Sporotrichum. 

“Flowers attacked by this fungus are not only decayed in the 
center but are also characteristically deformed, sometimes being 
more or less lop-sided and in every case with the inner petals closed 
at the top as if all of the tips of the petals were fastened together 
in the center. 

“So far as I know, all of the carnation growers around Chicago 
use sod soil and renew it every year. At two houses in Centralia 
where examinations were made the bud-rot was not found and 
upon inquiry it was learned that sod soil had not been used.” 

Through the kindness of Mr. Davis we have had an opportun- 
ity to examine two lots of diseased buds from Chicago. The first 
lot consisted of three buds all of which contained the usual mites 
and were abundantly infested with ‘Sporotrichum. The second lot 
contained 13 buds. Three of these proved to be normal. The other 
ten presented the usual symptoms of bud-rot. Nine of the latter 
contained an abundance of Sporotrichum. Some mites, also, were 
present. Both the Sporotrichum and the mites were identically like 
those found in the New York and Nebraska specimens. Eight of 
the nine buds contained no other fungus besides the Sporotrichum, 
but the ninth showed also an undetermined hyphomycetous fungus 
with small, elliptical-oblong, non-septate, hyaline spores. The re- 
maining bud of this lot was peculiar. In a general way it showed 
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the symptoms of Sporotrichum bud-rot, the exposed petal tips being 
normal while the interior parts were decayed and moldy. The 
strange thing about it was that the decayed petal claws were de- 
cidedly reddish although the blades were white. Neither Sporotri- 
chum nor mites were found in this bud. Instead, there was an 
abundant growth of a species of Fusarium. 

It is noteworthy that in three states —— New York, Illinois and 
Nebraska— Lawson is the variety most affected. This variety 
appears to be particularly susceptible. Two other varieties found 
to be especially susceptible in New York are Enchantress and Bradt. 
It is interesting to note the relationship of these three susceptible 
varieties. Enchantress is a seedling of Bradt crossed with Lawson.§ 
It was originated by Peter Fisher, Ellis, Mass., in 1899. 

Now that we are able to differentiate it from other bud troubles 
of the carnation it seems probable that the Sporotrichum disease 
will be found in a rather common but not an especially important 
one. In floricultural literature there are numerous references to bud 
troubles of the carnation. Sometimes the description given answers, 
in a general way, for the disease under consideration. For example, 
a correspondent of the American Florist’ writes as follows: “ The 

buds form and expand but never open full, only about half, and then 
dry up and wilt.” Another correspondent of the same journal? 
writes: “ They [the plants] make a clean healthy growth and pro- 
duce good stems but fully three-fifths of the flowers go to sleep 
when about half developed.” It is quite possible that these were 
cases of Sporotrichum bud-rot. 

The ‘‘abnormal carnation flowers” described by Arthur? is an 
entirely different trouble as is also the Botrytis disease mentioned 
by Atkinson.1° The hard dry “petrified buds” described by Kin- 
ney™ are likewise to be ascribed to other causes, probably. How- 
ever, the Sporotrichum disease sometimes takes that form. 

Owing to the fact that there are several different bud. troubles 
of the carnation which might be appropriately .called bud-rot this 





°Ward, Charles Willis. The American carnation: How to grow it. p. 
266. A. T. De La Mare Printing and Publishing Co., New York. 1903. 

*Amer., Florist, 12: 514..2 Ja. 1807. 

* Amer, Flarist,. 19:'G10. 20 EF; Tao. 

® Arthur, J. C. Abnormal carnation flowers. Florists’ Ex., 8: 167. Illus. 


on p. 197. 
” Atkinson, Geo. F. Carnation diseases. Amer. Florist, 8: 728. 23 F. 


1893. 
* Kinney, Li. Fo Ri le ota Rot ters1500- 200 210) 
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PLATE XI.— SILver Tor oF JUNE Grass (Poa pratensis L.). 


1 Affected panicle, withered before fully expanded. 2, Healthy panicle 
expanded normally. 3, Lower parts of affected panicles with sheath 
removed to show withering of culm just above uppermost node. 
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name is not sufficiently distinctive. Hence, we propose the name 
Sporotrichum bud-rot. 

Up to the time of the discovery of the true nature of the bodies 
supposed to be insect eggs it had not occurred to us that our dis- 
ease might be the same as that described by Heald’? under the 
caption, “ Bud-rot, Fusarium anda Mite.” But it was now observed 
that our mite agreed with Heald’s description of the mite found by 
him. At our request, Dr. Heald kindly sent us (April, 1907) four 
carnation blooms affected with this bud-rot. Three of these blooms 
were identically like those from Long Island —they showed an 
abundance of Sporotrichum free from admixture with any other 
fungus and there were also present mites which were pronounced 
by Mr. Hodgkiss to be the same as those found in the Long Island 
specimens. The fourth bloom, also, contained an abundance of Spo- 
rotrichum and some mites, but in addition thereto a considerable 
number of pluri-septate, hyaline, Fusarium-like spores. By means 
of dilution cutures in potato agar, an attempt was made to isolate 
both the Sporotrichum and the Fusarium. Pure cultures of the 
former were obtained easily, but the Fusarium was elusive. A 
further discussion of this subject appears on page I55. 


Sv el MG LIN HCG Ae t 


June grass, Poa pratensis L., is a very common grass in New 
York particularly along the highways and railroads. When it 
begins to ‘‘ head” in the latter part of May a large percentage of the 
panicles wither before they become fully expanded. Affected pani- 
cles are conspicuous because of their light color. One accustomed 
to observe such things can scarcely fail to notice the trouble when 
it is at its height during the last week in May and the first half 
of June. At that time it is abundant all over the State. A very 
little investigation. of the affected plants suffices to show that the 
seat of the trouble is, in most cases, Just above the uppermost node. 
Here, the tender portion of the culm is badly shriveled (but not 
noticeably gnawed) over a section 5 to 10 millimeters in length. 
This may be readily observed by ‘gently pulling one of the withered 
panicles from its sheath. (See Plate XI, fig. 3.) Sometimes the 
injury instead of being at the uppermost node is at the next one 


eetieaid. sls 1). Bud-rot, Fusarium andra: mite. Nebr. Sta. Rpt., 19: 55. 
1900.1 sSeeraiso. Science, N.S. 23: 520. 20 Ap. 1906. 
eoceieet.Jotew art. 
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below. In such cases the leaf and sheath springing from the upper- 
most node are dead, dry and light colored like the panicle. 

This trouble of June grass is well known to entomologists.‘ In 
America it is often called “silver top”; and the cause of it is be- 
lieved to be some sucking insect, Anaphothrips striata Osb. being 
the particular species usually held responsible for it. However, 
some writers express the opinion that it may be brought about by 
any one of several species. Reuter, who made an exhaustive 
investigation of it in Finland, gave it the German name Weissah- 
rigkeit and attributed the greater part of it to certain species of 
mites. Hinds!® gives a list of 32 species of grasses which are more 
or less subject to silver top in Massachusetts. In New York, June 
grass is the species most conspicuously affected; although the 


“Some of the principal American articles on silver top and its causes are 
the following: 
Cary, Lewis R. The grass thrips (Anaphothrips striata Osborn). Me. 
Sta. Bul. 83. 1902. 
Comstock, J. H. Notes on entomology: A syllabus of a course of 
lectures delivered at the Cornell University, p. 120. Ithaca, N. Y. 


1875. 
The grass-eating thrips. Amer, Nat, 22: 260— 
261. 1888. 
—_—_—___—_—_——. An introduction to entomology, p. 127. Ithaca, 
Ney... 168s. 


Fernald, C. H. Grasses of Maine. Rpt. Sec. Me. Board of Agri- 
culture, for the year 1884, p. 233. 1885. 
Fernald, H. T. and Hinds, W. E. The grass thrips, Anaphothrips 
striata (Osb.). Hatch Exp. Sta. of the Mass. Ag. Coll.) Bul. 
67. 1900. 
Fletcher, Jas. Siver top of hay—An unknown enemy. Canada Expt. 
Farms Rpts. for 1888, pp. 59—62. 1889. 
Hinds, W. E. The grass thrips. Mass. Ag. Coll. Rpt. 37: 83— 
105. 1900. Contains bibliography. 
Lintner, J. A. An unknown grass pest. N. Y. State Mus. Nat. 
Hist. Rpt. 40: 96-08. 1887. 
N.Y... tate Mus. Nat.) Hist. Rots i cee 
1889. 
Osborn, H. Silver top in grass and the insects which may pro- 
duce it. Canad. Ent., 23: 93-96. 1801. 
Webster, F. M. Notes on some species of insects which affect the 
upper portion of the stems of some grasses. Insect Life, 1: 372- 
374. 1880. 
® Reuter, Enzio. Ueber die Weissahrigkeit der Wiesengraser in Finland. 
Ein Beitrag zur Kenntnis ihrer Ursachen. Acta Soc. pro Fauna et Flora 
Fennica, 19: No. 1, pp. 1-136. Helsingfors, 1900. Contains an extensive 
bibliography. (Abstract in Ztschr. Pflanzenkrank., 11: 250-253.) 
* Hinds. loc. cit., p. 94. 
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trouble is sometimes quite common with timothy, and several other 
grasses show it occasionally. 

While studying this trouble of June grass in Igo02 the writer 
discovered that in specimens collected on the Station grounds the 
shriveled portion of the affected culms was almost always covered 
with a copious growth of a delicate white fungus belonging to the 
genus Sporotrichum. Frequently, there was associated with the 
Sporotrichum a species of mite. The mite was not identified until 
five years later (see page 160), but specimens of the Sporotrichum 
were sent to Prof. Peck who pronounced it an undescribed species 
and gave it the name Sporotrichum pow. 

For a time it was suspected that the Sporotrichum might be one 
of the causes of silver top, but this idea was subsequently abandoned 
when it was found that in the majority of cases the affected culms 
were quite free from Sporotrichum or other fungus. However, 
Loth the Sporotrichum and the mite reappeared to a limited extent 
about Geneva in 1903, 1905, 1907 and 1908; also at Interlaken, 
N. Y., in 1907. In one instance the Sporotrichum and associated 
mite were found on timothy, Phleum pratense L., affected with 
silver top. 

In reviewing the literature of silver top the writer has found but 
two references to fungi in connection with the trouble.48 One of 
these is in an article by Osborn’ whose studies were made in lowa. 
He says: “In a very few cases I have seen evidence of fungi pres- 
ent in the shriveled base of the withered node, but so very few and 
in such cases so evidently a consequence of the injury that I do not 
think it can ‘be credited with any of the damage.” Prof. Osborn 
writes us that the fungi were not identified. The other reference is 
by Reuter?? whose studies were made in Finland. He says: “ Nicht 
selten treten in regnerischen Zeiten an der morschen Partie Schim- 
melpilze auf, welche mitunter als Ursachen der Erkrankung der 
betreffende Pflanze angesehen worden sind. Die fraglichen Pilze 
finden sich indessen stets nur sekundar, an dem schon vorher durch 
trerische Angriffe beschadigten und dadurch morsch gewordenen 


™ Peck, C. H. Report of the State Botanist. 1902. N. Y. State Mus. Bul. 
6798291791003; 

“This excludes the oat disease described by Kirchner (Ztschr. Pflanzen- 
krank,, 14: 18. 1904.) in which the diseased culms were infested with a 
species of Sporotrichtum in association with the mite Tarsonemus sptirife.x 
Marchal, the latter supposed to be the cause of the trouble. 

srsborn, loc.) citi p. 94: 

” Reuter, loc. cit., p. 52. 
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Teil des Halmes ein.’ No clue to the identity of the fungi is given. 

The above discussion of silver top is brought into this article 
on carnation bud-rot not because our investigation throws any new 
light on the cause of silver top, but for the reason that the Sporo- 
trichum and the mite found in connection with it prove to be iden- 
tical with the Sporotrichum and mite of carnation bud-rot. 


RELATIONSHIP OF SPOROTRICHUM PO, S. ANTHO- 
PHILUM AND:sHEALD SWUSARIOMs: 


As the investigation advanced it gradually became evident that 
Sporotrichum poe Pk., Sporotrichum anthophilum Pk. and Heald’s 
bud-rot Fusarium are one and the same species. In the first place, 
a comparison of Peck’s descriptions of his two species of Sporo- 
trichum shows them to be strikingly alike except as to the host 
plant. Sporotrichum poe is described as follows: “* Hyphe slender, 
.oooo8—.o00012 of an inch thick, procumbent, branched, slightly 
interwoven, white; spores colorless, subglobose, .o0016—.00032 
of an inch [4 to 8 »] broad. Sheaths and culms of Kentucky blue 
crass, Poa pratensis.” 

Sporotrichum anthophilum is described as follows: “ Hyphee 
creeping, interwoven, branched, continuous or sparingly septate, 
variable in thickness, .oooo8—.00024 of an inch in diameter, hyaline, 
forming a loose cottony stratum; spores globose or broadly ovate, 
.00OO16—.0003 of an inch long, borne at the tips of short branch- 
lets which are usually narrowed toward the apex and pointed. Para- 
sitic on the filaments and petals of carnation pinks destroying their 
vitality and spoiling the flowers.” 

It will be observed that neither description contains any reference 
to septate spores although spores distinctly once-septate like those 
shown in Plate XIII, fig. 3, occur almost constantly both in the car- 
nation fungus and in the June grass fungus. Without having made 
any attempt at an accurate determination it is estimated roughly 
that, in carnation buds, the usual proportion is about one septate 
spore to 100 or 200 non-septate spores. Occasionally, they may be as 
frequent as one to twenty-five and occasionally so rare that a long 
search is required to find one. As a rule they are easily recognized, 
being somewhat larger than the ordinary spores and more or less 
pear-shaped, whereas the ordinary spores are well described as 
“ globose or broadly ovate.” That these large, pear-shaped, two- 


“By PYG Stewart. 
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celled spores really belong to the Sporotrichum is proven by the 
fact that they have been observed repeatedly in cultures known to 
be pure. They have been observed in pure cultures of Sporotrichum 
poe and S. anthophilum on acidulated potato agar, plugs of sugar 
beet and various other media. The production of these unusual 
spores is to be regarded as strong evidence that the two fungi be- 
long to the same species. In none of the 142 species of Sporotri- 
chum described in Saccardo’s Sylloge Fungorum is there any men- 
tion of septate spores. 

In addition to the spores just mentioned two-septate and even 
three-septate spores are occasionally found in the carnation fungus 
and also in the June grass fungus in pure cultures as well as in 
nature. These are quite variable in size and shape. They are almost 
always longer than the once-septate spores and either straight or 
slightly curved. Sometimes they are plainly septate and quite Fu- 
sarium-like as shown in Plate XIII, fig. 4. In other cases the septa 
are indistinct and it may be uncertain whether they are spores or 
only spore-bearing branches of the hyphz which have become de- 
tached. 

It appears that it was the presence of these pluri-septate spores 
which caused Dr. Heald to refer his carnation bud-rot fungus to 
the genus Fusarium. It has already been stated that the four 
carnation buds sent by Dr. Heald as representative of his disease 
all showed an abundance of Sporotrichum with multitudes of the 
typical globose or broadly ovate spores; but one of the buds con- 
tained, also, a considerable number of the Fusarium-like spores. This 
particular bud showed a larger proportion of such spores than we 
have ever seen in any of the New York specimens; yet they were 
few as compared with the multitudes of typical Sporotrichum 
spores. So far as could be determined the mycelium was all of one 
kind and attempts to isolate the Fusarium by the dilution method 
failed notwithstanding the medium used was acidulated potato agar 
on which most Fusaria grow readily. The pure cultures obtained — 
produced about the same proportion of once-septate and pluri-sep- 
tate spores as the cultures obtained from New York carnations and 
June grass. 

Grown in pure cultures under parallel conditions the three fungi 
(S. anthophilum, S. pow and Heald’s figures) look and behave iden- 
tically alike.. On acidulated potato agar and on plugs of sugar beet 
at room temperature they grow readily producing a copious white 
mycelium and sporulating freely in from four to seven days. On 
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some kinds of media all three produce almost constantly a bright 
red color where the mycelium comes in contact with the substratum. 
This is conspicuous. It has been observed in cultures on sterilized 
sugar beet, turnip, potato, wheat bread, cabbage and apple. The 
red color does not appear in cultures on potato agar, alfalfa agar, 
altalfa stems, cosmos stems or gelatin. 

The writer is in doubt as to the value of this red color as a 
diagnostic character. Such color production is by no means rare 
in some other genera, notably in Fusarium, but how common it is 
among the species of Sporotrichum we do not know and have been 
unable to learn much about it from the literature. We have had 
opportunity to cultivate but two other (undetermined) species”? of 
Sporotrichum neither of which showed any tendency to produce the 
red color. 

Pettit, who grew Sporotrichum globuliferum Speg. on sterilized 
potato observed a purple tinge in the near vicinity of the fungus 
colonies ; and Forbes*4 states that in some experiments made by him 
cabbage worms inoculated with Sporotrichum globuliferum were 
frequently, but not invariably, turned to a dull red color by the 
fungus. 

In the closely related genus Isaria the production of red color 
in artificial cultures is said to be common. Pettit?® found that 
potato and gelatin are colored purple by Jsaria densa (Lk.) Fries. ; 
that larve and pupz of the cabbage worm, Pieris rape, inoculated 
with /saria vexans Pettit become ‘a deep vinaceous purple ;” and 
Isaria sp. indet. produced red or purple color on potato. Giard”® 
states that a certain rosy color is very characteristic of Jsaria densa 
cultivated on artificial media; also, that similar color appears more 
or less distinctly in cultures of other Isariz and notably in cultures 
of the silk worm muscardine, Botrytis bassiana Bals. 





“For one of these we are under obligations to Prof. H. H. Whetzel of 
’ Cornell University and for the other to Dr. C. W. Edgerton of the Louisi- 
ana Experiment Station. 

* Pettit, R. H. Studies in artificial cultures of entomogenous fungi. 
Cornell Sta. Bul. 97: 364. 1895. 

*“Forbes, S. A. Experiments with the muscardine disease of the chinch- 
bug, etc. Ill. Sta. Bul. 38: 33, 43, 44. 1895. 

* Pettit, loc) cit, pp: 960,367; *360: 

*Giard, A. L’Isaria densa (Link) Fries, champignon parasite du han- 
neton commun (Melonotha vulgaris L.). Bul. Sci. France et Belg. 24: 1803. 
An extended review of this paper is given by V. L. Kellogg, Univ. of 
Kans. Exp. Sta. Third Annual Report of the Director, pp. 227-239. 1894. 
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The cause of this red color and the conditions under which it is 
formed are not thoroughly understood. Apparently, the requisite 
conditions vary with different fungi. In the case of the carnation 
stem-rot Fusarium the writer has found that in order to secure 
bright colors it is necessary to grow the fungus at a rather high tem- 
perature. Erwin Smith has studied this problem in its relation to 
the melon-wilt fungus, Neocosmospora vasinfecta (Atk.) Erw. Sm. 
After recording the color of the mycelium of this fungus when 
grown on various culture media he says :*%" “ My conclusions rela- 
tive to the formation of color by the melon fungus are as follows: 

“(a) On neutral or acid media in the presence of free oxygen 
and of starchy foods—e. g., potato, bread, rice, tapioca, wheat, 
hominy, cucumber agar, etc.—this fungus develops in the sub- 
stratum a series of the most brilliant colors, which are then absorbed 
by the hyphz. These hues include many shades of pink, red, pur- 
ple and violet, and in some of the substrata — e. ¢., bread or boiled 
rice — are particularly brilliant, changing gradually from shades of 
purple and rose color into the deepest crimson (rose carthamine). 
This color is much brighter and purer than any I have been able to 
obtain with Went’s Monascus purpureus. During the development 
of this pigment the substratum becomes intensely acid (mostly CO: 
but some lactic acid according to Mr. K. P. McElroy). If, however, 
alkaline substances (caustic lime, carbonate of soda, etc.) be added 
to the substratum in advance, so as to neutralize the acid or acids 
as fast as formed, no color is developed, the fungus remaining snow 
white, as in the vessels of the melon plant. If less alkali be added, 
the colors appear gradually after a time, which is longer or shorter 
according to the amount added. 

“(b) The yellow and brown colors are formed in the presence of 
an alkali, but apparently not unless sugar is also present.” 

Later, Smith and Swingle®® found that also incultures of the 
potato dry-rot fungus, Fusarium oxysporum Schlecht., there exists 
a somewhat similar relation between the acidity of the medium and 
the production of red color. Light, also, seemed to be a factor when 
the fungus was grown on certain media, while on other media it 


7 Smith, Erwin F. Wilt disease of cotton, watermelon and cowpea. 
U. S. Dept. Agr. Div. Veg.. Phys. and Path. Bul. 17: 23. 18900. 

* Smith, Erwin F. and Swingle, Deane B. The dry rot of potatoes due 
to Fusarium oxysporum, U.S. Dept. Agr. Bureau Plant Ind. Bul. 55: 34- 


49. 1904. 
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made no difference whether the cultures were grown in darkness 
or in sunlight. 

Hedgcock,® in his studies on chromogenic fungi which discolor 
wood, also found the chemical reaction of the medium to be an im- 
portant factor in color production. But it is noteworthy that with 
one species, Penicillium aureum Cda., the presence of an alkali 
favored the formation of red color instead of hindering it as was 
found by Smith and Swingle in the species studied by them. 

Returning, now, to our own observations —the carnation Sporo- 
trichum, the June grass Sporotrichum and Heald’s bud-rot fungus 
all three produce the same red color in cultures. On some media, 
_ especially plugs of sugar beet, this color may be depended upon to 
appear under almost any condition of light, temperature, acidity or 
alkalinity not incompatible with growth. On sugar beet, the color 
is somewhat more brilliant in darkness than in diffused light, and on 
acid media than on alkaline, but the differences are not great. At 
20° C, the time required for the appearance of the red color varies 
from three to seven days. It appears sooner on sugar beet than on 
potato, but ultimately it may become quite as brilliant on the latter 
as on the former. On the same medium and under apparently 
parallel conditions the color in different cultures varies considerably 
in shade. In occasional cultures no color ever appears. The three 
strains of Sporotrichum have been grown on various culture media 
and under various conditions for the purpose of finding cultural 
characters by means of which they might be separated, but the 
resulting variations in color, habit of growth, spore formation, etc., 
have been no greater than those commonly occurring between indi- 
vidual cultures of the same strain. 

The association of all three fungi with the same species of mite 
is at least suggestive of unity and finally, all three are parasitic on 
carnation buds. Heald has proven the parasitism of his fungus 
and the writer has done the same for Sporotrichum pow and S. 
anthophilum. . 

It having been proven that Sporotrichum pow and Sporotrichum 
anthophilum are two names for one and the same fungus, the 
former name should be given preference since it is the older. How- 
ever, it is by no means certain that the fungus has not been previ- 
ously described under yet a different name. 


* Hedgecock, George Grant. Studies upon some chromogenic fungi which 
discolor wood. Mo. Bot. Gard., Rpt., 17: 59-117. 1906. 
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INOCULATION EXPERIMENTS WITH THE FUNGUS.” 


Inoculation experiments with pure cultures of the Sporotrichum 
have given varying results. Thirteen different experiments were 
made, the total number of inoculated buds being 107 and the num- 
ber of checks 18. Four of the inoculated buds and one of the 
checks were accidentally destroyed. None of the checks showed 
any browning of the tissue or other ill effects from the treatment 
they received. Of the 103 inoculated buds which were carried 
through to the end of the experiment 36 were ruined by the Spo- 
rotrichum, 21 others showed slight injury, while the remaining 46 
were scarcely, if at all, affected by the inoculation. That is to say, 
only about 35 per ct. of the inoculations can be regarded as posi- 
tively successful. The many failures show that the fungus is not 
an aggressive parasite or else the conditions surrounding the ex- 
periments were in some way decidedly unfavorable to the disease. 
The cultures used for inoculation were from three or four different 
sources and all isolated within six months of the time of using them. 
They were grown on plugs of sugar beet from 7 to 19 days and 
invariably examined before using to make sure that they were 
sporulating freely. In most cases, the inoculations were made 
through the side of the bud by the following method: By means 
of a sterile awl a small opening was made in the calyx. Through 
this opening a bit of the fungus from a pure culture was introduced 
into the interior of the bud in one of two ways: (1) A fragment 
of mycelium bearing spores was poked in with a strong platinum 
needle; or (2) by means of a pipette spore-laden water was forced 
in until drops of it exuded from the tip of the bud. In experiments 
in which the first method was used the check buds were simply punc- 
tured with the awl, but when the second method was used sterile 
water was forced through the punctures into the check buds. Sev- 
eral fully expanded blooms were inoculated with spore-laden water 
through a pipette inserted into the center of the bloom from the 
top. Some of the inoculations were made in the open greenhouse; 
others in a large glass inoculation chamber in which the air was 
saturated with moisture. 

Most of the inoculations were made on Boston Market, a white 
variety. It may be that this variety is partially resistant to the 


* By F. C. Stewart. 
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disease, which would account for the large percentage of failures. 
Later inoculations, made on Enchantress and Gov. Wolcott, were 
more successful. It is probable that in some of the experiments 
better results would have been obtained of the buds had not been 
cut so soon. It appears that from Io to 15 days are required for the 
fungus to destroy the buds in typical fashion. Buds in all stages of 
development, including fully expanded blooms, were successfully 
inoculated, but the best results were obtained with small, unopened 
buds. It is also plain that an abundance of moisture in the air is 
favorable to the disease. Inoculated buds on plants kept in a moist 
chamber after inoculation were soon conspicuously overgrown with 
the Sporotrichum and ruined; whereas, in the open greenhouse, 
under conditions otherwise parallel, the progress of the disease was 
slow and uncertain. This is as would be expected. 

Most of the inoculations were made with Sporotrichum isolated 
from carnations (S. anthophilum). Sporotrichum from June grass 
(S. po@) was used in three experiments, Nos. 11, 12 and 13, as 
follows: 

Experiment No. 11.—On Nov. 16, 1907, two buds (one showing 
color and the other of large size but unopened) of Gov. Wolcott 
were inoculated with a pure culture of Sporotrichum isolated from 
June grass July 5, 1907. The inoculations were made in the usual 
manner by forcing spore-laden water through a hole in the side of 
the calyx. (The Sporotrichum spores were already germinating, 
having been placed in the water 20 hours previously.) After in- 
oculation the plants were kept in a moist chamber where the tem-. 
perature was about 13° C. by night and 21° C. by day. There were 
no checks. 

At the end of two weeks the buds were cut and examined. The 
more adanced one was now fully expanded. It was evident that 
the fungus had taken effect. The pistil and bases of the petals 
had been destroyed, but owing to the splitting of the calyx which 
permitted the petals to hang apart, the upper portions of the petals 
were unaffected. The other inoculated bud was half open. Viewed 
from the top, about half the petal tips appeared normal while the 
remainder were brown with decay. On the interior of the bud 
the petals were badly decayed and glued together, the tissues being 
thoroughly permeated with Sporotrichum hyphe fruiting moder- 
ately but not forming a conspicuous mold. In this bud the petal 
bases were unaffected. 

Expermment No, 12. —On Nov. 18, 1907, ten buds, (5 show- 
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ing color and 5 large but unopened) of the variety Boston Market 
were inoculated with Sporotrichum from June grass exactly as in 
Experiment No. 11 except that the spores were not so far advanced 
in germination, having been placed in water but six hours before 
the inoculations were made; and the plants instead of being placed 
in a moist chamber were left in the open greenhouse. At the same 
time, in the same manner and under exactly parallel conditions, ten 
other buds were inoculated with Sporotrichum from carnations. 
There were also five check buds (showing color) which were in- 
jected with sterile water. 

At the end of 15 days all of the buds were cut and examined. 
Of the 5 buds showing color at the time of inoculation with June 
grass Sporotrichum, four had fully expanded and partly withered 
without evidence of injury from the fungus, but the fifth was only 
half open, badly decayed within and presenting a typical case of 
Sporotrichum bud-rot. Of the 5 unopened buds inoculated with 
June grass Sporotrichum, one had been destroyed by some animal, 
three were fully expanded and showing only slight injury while the 
fifth was completely ruined by Sporotrichum. 

The inoculations with carnation Sporotrichum were more success- 
ful. The 5 buds showing color at time of inoculation gave negative 
results except that in three cases the pistil had been destroyed; but 
the 5 buds which were yet unopened at time of inoculation were now 
about half open, much decayed in the center, somewhat moldy and 
all good typical examples of Sporotrichum bud-rot. 

The five check buds had expanded normally without any discol- 
oration or other evidence of injury. 

The details of Experiment No. 13 are given on page 158. 

No mites have been found in any of the inoculated buds. It is 
possible that the mites in addition to serving as distributors of the 
fungus may assist the fungus in making its attack on the tissues. 

There being no evidence that the fungus attacks anything but 
the buds no attempt has been made to inoculate it into any other 
part of the carnation plant. 

Notwithstanding numerous failures, the 36 successful inoculations 
described above seem to prove conclusively that the Sporotrichum 
found in carnation buds affected with bud-rot is a parasite and the 
cause of the disease. 
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EXPLCANATION@ Ol PipAser 


A and B were two buds of the same age on the same carna- 
tion plant, variety Enchantress. When the buds were of the size 
of C and just beginning to open, B was inoculated with a pure 
culture of Sporotrichum poe isolated from a diseased carnation 
bud two months previous. Inoculation was affected by forcing into 
the bud (through a hole made in the calyx) water containing 
spores of the fungus. A, used for a check, was similarly injected 
with sterile water. A bell jar was then placed over the plant. 
Twenty days later the two buds were cut and photographed, natu- 
ral size. A was then a perfect bloom, while B was completely 
ruined. In the latter, all parts except the calyx were decayed and 
overgrown with a fine, white, cottony growth of the Sporotrichum 
which was sporulating freely. 


(‘ased ay1soddo 33S) 


‘sang NOILVNUV) NO (£1 ON) LNAWIaadXy NOILVINOON] —][X ILv1Ig 





= - ya 
i, oem 


Sieh 





| ~  LIBRA® 
CFTHE 
UNIVERSITY OF ILLINOIS 


ib 
' 
i « . 
4 
‘ * 
’ 
J 7 
7 ‘ 
7 * 
a 
i <~ ' ; 
er = 
rae Pad 7 
S Cave 
ok Bis 
LA a 2 > 
a a 7 ee 
~ a : 
& 
* 
: "y , Z 
\ 
: = + =~) = 
= 
” , a 
a 7 f 


e was = Ny 








Puate XIIT.— Sporoirichum poe PK., THE Funcus or CARNATION Bup- 
Rot. 


1, Hypha with immature spores on short, tapering branches. 2, Three mature 
spores of typical form. 38, Two-celled, pear-shaped spores. 4, Fusarium-like 
spores. 5, Germinating spore with new spore forming at tip of short germ-tube. 


(1, 2,3 and 5 drawn with aid of camera lucida, magnification about tooo diameters; 4 
free-hand drawing, more highly magnified.) 
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PLATE XIV.—Pediculopsis graminwm Reuvt. 


1, Male, dorsal view. 2, Male, ventral view. 3, Female (non-gravid), dorsal 
view. 4, Female (non-gravid), ventral view. All adults, greatly enlarged. 
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THE MITE, PEDICULOPSIS GRAMINUM REUT}! 


The insect pests and fungus diseases incident to the commercial 
growing of carnation blooms may usually be held in check by cer- 
tain recognized practices and as far as the common pests are con- 
cerned no especial difficulty has been experienced in raising plants 
free from important injuries. But within the past few years, con- 
siderable uneasiness has been experienced by a number of florists 
because many carnation buds fail to mature and the growers are 
unable to prevent losses by the usual greenhouse practices. An ex- 
amination of diseased plants showed that the failure of the buds 
to produce perfect blossoms was due to the presence of a mite and 
fungus, which together cause a decay of the tenderer tissues that 
eventually arrests the growth of the buds. rf 

The mite has been recognized as Pediculopsis graminum Reut., 
which is a European species and has not heretofore been recorded 
in this country. This is one of the forms assisting in the prema- 
ture ripening of meadow grasses in Finland, and in the United 
States is partly responsible for the silver top of June grass. Its 
presence in the greenhouse appears to be accidental but its associa- 
tion with the fungus enhances its importance and hence the eco- 
nomic status of the mite. 

Acknowledgments are due to Dr. Enzio Reuter, Helsingfors, Fin- 
land, who has verified the determination of the species and has 
furnished valuable information concerning the grass mites. Mr. J. 
J. Davis, Field Entomologist for Northern Illinois, very generously 
allowed me the use of all his notes on the occurrence of the mite 
in that state and has from time to time contributed other important 
facts, as opportunity has been afforded for making observations. 
Dr. F. D. Heald, Botanist of the Nebraska Experiment Station, 
very kindly sent infested carnation buds from Lincoln, Nebraska, 
from which adult mites of both sexes were obtained. 


HISTORY. 


The importance of this species as an active agent in the pre- 
mature ripening of grass stems was first indicated during the year 
1900 by Dr. Enzio Reuter** under the caption “ Ueber die Weissih- 


ib yetl. .. Hodgkiss. 
* Acta Societatis pro Fauna et Flora Fennica, 19: N:0 1. 1900. 
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rigkeit der Wiesengraser in Finland.” No mention is made of this 
mite in Banks’ Lists of the Acarina of the United States,?* and 
its identity in this country appears not to have been determined 
until the present time. 

As an active agent in the decay of carnation buds it was first 
mentioned by Dr. R. H. Wolcott** in 1905, and during the follow- 
ing year was recognized in New York State. One year later the 
mite was identified at this Station as P. graminum Reuter. Finally 
in 1908, Heald and Wolcott published an account of the species 
under the name Pediculoides dianthophilus.® 


SYSTEMATIC POSITION. 


This species belongs to the Tarsonemidz, which is a small fam- 
ily of the order Acarina. The mite was first described in 1900, 
by Dr. Enzio Reuter, from specimens taken from grass in Finland. 
He placed it in the genus Pediculoides, and gave to it the specific 
name gramimum. In 1907, Dr. Reuter again published on this 
species at this time indicating the presence of characters of ge- 
neric significance. He thereupon erected the genus Pediculopsis 
naming P. graminum as the type.*® 


IDENTITY OF THE SPECIES AND SYNONOMY. 


The very close resemblance between our mounts of the mite 
grown on carnations with the figures of Reuter’s P. graminum, 
suggested the sending of specimens to him for examination which 
he determined as identical with the species which he had described 
as existing on grasses. It would appear therefore, that there can 
be no doubt as to the specific name of the mite grown on carna- 
tions in this State. Specimens of the mite thriving on diseased 
carnation buds in Nebraska were sent to us by Professor Heald 
of the Experiment Station which proved to belong to the above 
species as found on the same host in this State. It therefore ap- 


pears that P. dianthophilus Wolcott is a synonym of P. graminum 
Reuter. : 


Proc: (Us oat Sao ests 

* Science, (N. coy 21! £300, 1005: 

Neb) Sta. bak 103.- 1906. 

*“ Wegen bedeutender Unterschiede, namentlich in der Mundbildung, der 
Gattung Pediculoides gegenuber, habe ich in der demnachst erscheinenden 
grosseren Arbeit fuir diese Art eine neue Gattung, Pediculopsis, errichtet.” 
Festchrift fiir Palmén. N: 7, p. 3, footnote 2. Helsingfors. 1907. 
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PLATE XV.— LiFe StAceEs or Pediculopsis graminum  ReEvrT. 


1. Eggs. 2, Adult female. 3, Adult male. 4, Gravid female. 5. Gravid 
female, with extruded egg. 6 and 7, Gravid females from breeding cage. 
(6, natural size, other figures enlarged.) 


New York AGRICULTURAL EXPERIMENT STATION. 161 


DESCRIPTION AND LIFE HISTORY.?? 


Egg— Ovum elliptical; chorion translucent, smooth, shining. 
Longest diameter 204 microns, greatest width 85 microns. 

Adult-—(Female.) Body elongate, sides nearly parallel, ante- 
rior portion narrowing to head, posterior margin truncate; lateral 
angles rounded. Length, 240 microns, width 70 microns. 

The body is composed of a cephalo-thorax and abdomen. On 
the anterior margin of the cephalo-thorax is the rostrum with large, 
toothed, sickle-shaped mandibles. The rostrum is set in a wide col- 
lar which is attached to the body. There are several small hairs 
near the base of the mandibles. 

The cephalo-thorax is somewhat triangular, broadest at the pos- 
terior margin, with angles rounded and sides incurved. Legs I 
and II are borne on this division and between them is a clavate 
body. On the dorsum there are three pairs of long hairs; the front 
pair smallest, about 12 microns in length; the middle pair about 
20 microns in length and situated closer to the lateral margin than 
the third pair. The third pair are almost in the center of the 
cephalo-thorax and directly beneath pair I; they extend nearly to 
the end of the abdomen. ‘The clavate organ is broadly rounded. 

The abdomen is separated from the cephalo-thorax by a trans- 
verse constriction. Caudad of this are several telescoping portions 
ot the integument which give the abdomen a segmented appearance. 
On the dorsum about 12 microns behind the transverse constric- 
tion and near to the lateral margin is-a pair of strong hairs about 
33 microns in length; just below these and 15 microns from the 
median.is a stout pair 17 microns long; three other pairs of dorsal 
hairs are situated just below the caudal margin of the telescopic in- 
tegument, the last pair being the shortest. A single pair 75 microns 
long is borne near the end of the ventral section and is the longest 
pair on the abdomen. On the caudal margin near the median are 
three pairs of very small hairs, the longest being 10 microns in 
length. 


*“ While the external anatomy of the mature mites bred on carnations cor- 
responds with the descriptions and figures of the adults of P. graminum, 
our studies on the early life history of the species do not agree in some 
particulars with Reuter’s account. This difference may perhaps be ex- 


plained by his recent investigations on the embryonic development of this 
mite. 
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The ventral surface of the cephalo-thorax and abdomen bear 
characteristic short spines, placed regularly in pairs. These are in- 
dicated in Plate XIV, fig. 4. 

The legs are five-jointed and strongly haired, the longest hairs 
being always on segments 2, 4 and 5. The first pair of legs have 
each a single hooked claw; the claws on the other legs are paired 
and provided with a stalked suction gland. The epimera have a 
strong chitinous protection and meet along the median. 

Adult—(Male.) Body broadly egg-shaped; narrowing in the 
front while behind at the genitalia it is produced blunt and cone- 
shaped. Length about 160 microns, the greatest width 60-80 
microns. 

Rostrum very small, a round knot-like structure without mouth- 
parts. Cephalo-thorax similar to that of the female, but more 
broadly rounded. It bears four pairs of hairs, the first pair being 
very small and placed near the forward margin, the second ten 
microns long and the third twice as long as the second and nearer 
to the lateral margins. ‘These three pairs are situated behind each 
other in lines almost parallel with the lateral margins. The fourth 
pair are almost directly behind the third pair, 53 microns long and 
very stout. 

The cephalo-thorax and abdomen are separated by a transverse 
constriction. About 1624 microns behind this are a pair of stout 
hairs 33 microns long, situated near the lateral margin, while be- 
tween these and about 17 microns from the median are two shorter 
hairs. Just anterior to legs IV is a constriction behind which the 
body narrows cone-shaped to the genitalia. Legs I to TII are 
similar to those of the female. Legs IV are much thicker, in- 
curved, and each bears a terminal sickle-shaped claw. Short hairs 
are borne on each segment while on the last two are blunt spines. 
“he terminal segment has a single, long hair at the base of the 
claw. 

The ventral surface has characteristic, small spines the location 
of which is shown in Plate XIV, fig. 2. 

Gravid female-— The difference between the gravid and non- 
gravid female is in the enormous size of the abdomen. This swel- 
ling extends backward from the cephalo-thoracic constriction and 


does not include the thorax as in some other forms. When ex- 


tended, the abdomen may become 80 to 100 times as large as the 
unimpregnated female or even larger. During the extension of the 
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abdomen and the embryonic development within, it becomes trans- 
lucent and appears as a clear pearl-like body. 

The development of this mite from the time the egg is formed 
until the adults appear takes place within the amnion in the ab- 
domen of the female. The abdomen of the adult female begins 
to extend shortly after impregnation and fills with a water-clear 
liquid. A series of observations made at this period indicates that 
the interval between the date on which distention begins and that 
on which eggs appear in the sac is from two to four days. From 
this time the eggs continue to develop rapidly and in about fifteen 
days the sacs are full and contain two hundred or more eggs. 

The sac takes on a pinkish color as the mites develop and in 
about three weeks from the time of swelling both males and females 
of the new generation are fully mature. The sac now disintegrates 
and in its place is a mass of crawling adults. In only one instance 
has a female been seen to deposit an egg and in that case the ab- 
domen finally broke and liberated the adults. (See Plate XV, 
fig. 5.) 

The newly hatched mites remain together for a short time and 
then wander over the plant feeding on the succulent tissues. For 
about ten days they crawl freely and then the abdomen begins to 
swell. The females soon become fixed, often on decaying tissue, 
and with the appearance of eggs within the abdomen the life cycle 
of another generation begins. 

The number of generations which occur with this species is some- 
what difficult of determination. Individuals of the several stages 
may be seen throughout the year. As far as the data obtained are 
concerned there appear to be at least two full generations and a 
possible third generation where the species breeds in grass. In Fin- 
land, Dr. Reuter has found two generations. From observations 
made on diseased carnation buds in the greenhouse there appear 
to be at least two additional generations. 


GEOGRAPHICAL DISTRIBUTION. 


The mite has a wide geographical range. It has been recorded 
in Europe as occurring in Finland. In the United States it has 
been taken in widely separated sections of New York State and 
Illinois and in Nebraska. 
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FOOD PLANTS; CHARACTER OF INJURY. 


In Europe this species has been taken from the stems of Phlewm 
pratense, Poa pratensis, Agropyron repens, Festuca rubra, Des- 
champsia cacspitosa, Avena pubescens, Agrostis vulgaris, A. alba, 
Apera spica venti, Anthoxranthum odoratum and Alopecurus pra- 
tensis. In this country it has been collected from June grass (Poa 
pratensis), Phleum pratense, and in greenhouses from carnation 
buds. 

The work of the mite on grass and on carnations is quite dis- 
similar. On grass it attacks the succulent stem within the sheath 
just above the topmost node. According to Reuter the culm is 
first lacerated by the mandibles and then the plant juices are ex- 
tracted, causing the injured area to shrivel gradually and become 
twisted at or just above the node. The growth of the stem above 
this point is checked, causing the partially opened panicles to ripen 
prematurely and giving rise to the condition known as silver top. 
We have repeatedly examined grass stems for injuries of this 
character but have entirely failed to find conclusive evidence of 
the exact nature of the damage to our local grasses by the mite. 
The ‘initial injury is apparently not easily detected and in the gen- 
eral decline of the affected stem the wounds are apparently ob- 
scured and are not easily recognizable from the work of other 
agencies. In the early spring a decay of the injured portion of the 
stem is usually found. It always appears when the area attacked 
is close to the ground where the presence of moisture is fayor- 
able for its growth. This decay is due to the Sporotrichum pow 
before mentioned. The mites have been found breeding more 
freely under these conditions than upon the more exposed culm, 

On carnation plants the mite does not attack the stem but works 
into the center of the young buds. Here it introduces the same 
fungus with which it is associated on grass. Experiments made 
for the purpose of determining the point of attack indicate that the 
stamens or pistils are first attacked and later the less tender tissues. 
The fungus here finds a favorable condition for growth and in a 
comparatively short time the heart is entirely decayed and filled 
with mites while the growth of the buds is checked. 
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PNOCULATION EXPRRIMENTS WITH MITES.# 


These experiments consisted of a number’ of artificial infections 
of carnation buds in various stages of growth of the buds to de- 
termine the range of susceptibility to the attacks of the mite. Two 
series of experiments were made. In one series mites were used 
which were obtained from infested buds, and in the other, active 
females were employed, which were treated with a pure culture 
of the fungus. 

In the first series the following experiments were made with buds 
at different stages of growth. Buds I and II had the petels just 
broken through the sheath. Each was infested with four gravid 
females, which were placed within by forcing aside the petals at 
the top. Twenty days later both buds had opened and showed no 
injury. The mites had died and the fungus caused no perceptible 
damage. Bud III was well formed, of good size, and the sheath 
was tightly closed. The infection was made by placing several 
crawling females and one gravid female into the heart of the bud 
through an opening in the side. Twenty days later the record 
shows that the bud had enlarged to twice the original size but was 
dry, and on opening it the interior was found to be undeveloped. 
Buds IV and V were similar in condition to | and II. These were 
each infected with two gravid females. The buds opened in due 
season with a perfect bloom. 

In the second series seven buds were inoculated with a goodly 
number of crawling females and pure cultures of the fungus. These 
buds were on plants in an ordinary carnation bed and were more 
or less attacked by thrips. None of the infested buds showed 
signs of injury and all eventually came to a perfect bloom. 

Although with one exception these inoculations brought negative 
results, it has been thought best to make a record of the work. The 
failure to reproduce the typical injury may be due to several causes. 
Among these are lack of proper conditions for the growth of the 
fungus and the variety of carnations used in the work. The suc- 
cessful experiment would indicate that the infection to cause typical 
injury must be made to younger buds. 


*By H. E. Hodgkiss. 
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RELATION ‘OR THE MITE TO” LH EAUIN Gdvisees 


‘ 
The relation of the mite to the fungus is not entirely clear. From 


the inoculation experiments which have been made it appears that 
the fungus rather than the mite is the active agent in producing the 
disease. Bud-rot has been produced repeatedly by artificial inocula- 
tion with pure cultures of the fungus; whereas, attempts to produce 
the disease by inoculation with mites alone have failed. Moreover, 
in the cases of bud-rot produced by inoculation with pure cultures 
of the Sporotrichum no mites have ever been found in the decayed 
tissue. @ Thus, it is plain that the mite is not absolutely necessary to 
the production of the disease. Neither can the association of the 
mite with the fungus be satisfactorily accounted for on the ground 
that Pediculopsis graminum is an abundant species infesting decay- 
ing carnation tissue generally, for such is not the case. In our 
studies the mite has never been observed alone, but always in asso- 
ciation with the fungus. Whether the fungus is always accom- 
panied by mites can not be so definitely stated. In a few cases, 
particularly on June grass, the mites have been absent, apparently, 
but it is possible that more careful search would have revealed their 
presence. 

This almost constant association of the mite and the fungus leads 
to the inevitable conclusion that one must be in some way dependent 
upon the other. Regarding this there seem to be but two hypotheses 
which harmonize at all with the known facts: (1) That the mite 
feeds upon the Sporotrichum; (2) that the fungus depends on the 
mite to carry it from bud to bud. 

We have been unable to obtain any positive evidence that the 
mites feed on the Sporotrichum. ‘The chief reason for suspecting 
that such might be the case is the fact that Forbes*® has observed 
mites feeding upon another species of the same genus, viz., Sporo- 
trichum globuliferum. Webster.“ also, records the occurrence of 
mites (Tyroglyphus siro) in artificial cultures of Sporotrichum 
globuliferum, but thinks they were attracted by the corn meal batter 
on which the Sporotrichum was growing. Sometimes mites make 


*” By F. C. Stewart and H. E. Hodgkiss. 

* Forbes, S. A. Ills. Sta. Bul. 38: 32; same on p. 94 of second reference 
given in footnote No. 4. 

“Webster, F. M. The common cheese mite. Tyroglyphus siro, living in 
Sporotrichum globuliferum. Ann. Rpt. Ent. Soc. Ontario 32: 73. 1902. 
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trouble in the laboratory by getting into fungus cultures, but 
whether they feed upon the fungi or upon the culture medium is not 
clear. 

Concerning the second hypothesis it is plain that the mites may 
carry the spores from bud to bud and thus spread the disease, but 
in order to account for the constant association of the mite and 
fungus it is necessary to go further and establish a motive for the 
mites visiting the buds. If the mites go to the diseased buds merely 
to feed on the decaying tissue or to breed in it there would be no 
object in visiting healthy buds. Although we have been unable to 
demonstrate it, it seems probable that the mites do visit healthy 
buds, presumably for the purpose of feeding upon the tender tissue 
of the floral organs. This would be quite in harmony with the 
known feeding habits of this species, it having been established by 
Reuter* that it attacks the tender living tissue of grass culms. As 
previously stated, our attempts to produce bud-rot by means of the 
mites alone, have failed. Altogether, 12 buds were inoculated with 
mites, apparently without any injurious effect on the buds. How- 
ever, the negative results in these few experiments have little 
weight. The conditions surrounding the plants may have been un- 
favorable to the mites. 

The fact that the disease sometimes destroys the interior portion 
of the buds before the latter have even begun to open, is strong evi- 
dence that the spores of the fungus are carried into the buds by 
some animal. It seems scarcely possible that the spores could get 
into such tightly closed buds in any other way. In such a situation 
suspicion would-naturally point to thrips, two or three species of 
which frequently attack carnations and often enter the buds. 
However, our studies tend to exonerate thrips of any connection 
with the disease. Mites are the only animals found in the diseased 
buds. 

Some species of Sporotrichum are parasitic on insects, and 
Kirchner*®? has observed a species of Sporotrichum apparently 
parasitic on the mite Tarsonemus spirifex Marchal, but there is no 
reason to suspect that Sporotrichum poe bears such a relation to the 
mite in the carnation buds. 

To sum up: The hypothesis which offers the most rational ex- 
planation for the constant association of the mite and the fungus 


“Reuter, Enzio. (See footnote No. 15.) 
* Kirchner, O. Eine Milbenkrankheit des Hafers. Ztschr. Phanzenkrank 
SA I3rI8: 1904. 


108 REPORT OF THE DEPARTMENT OF BOTANY OF THE 


in diseased carnation buds is the following: The mite visits healthy 
carnation buds for the purpose of feeding on the tissue of the 
floral organs. Spores of the fungus carried on or in the body of 
the mite germinate and produce a mycelium which attacks the in- 
terior portions of the bud and causes them to decay. In this de- 
caying tissue the mite finds a congenial breeding place. When the 
young mites are able to travel they migrate to healthy buds carry- 
ing with them the spores of the fungus. 

The above applies especially to carnations. Probably, it applies 
also to June grass, but the association of mite and fungus on June 
grass seems to be much less constant. 


CONTROL OF CARNATION BUD-ROT*4 


Probably, bud-rot will rarely be sufficiently destructive to require 
special methods for its control. If this be true it is fortunate, 
because there is, as yet, no line of treatment which can be confi- 
dently recommended. The Station has made no experiments along 
this line. 

Certainly, all diseased buds should be carefully gathered and 
burned, because they contain countless numbers of fungus spores 
and mites by means of which the disease is spread. 

Another possible line of treatment is the elimination of suscep- 
tible varieties. Although several varieties are more or less subject 
to bud-rot it is destructive to only a few varieties chief among 
which are Lawson, Enchantress and Bradt. 

The fact that bud-rot is a fungus disease suggests that the carna- 
tions should be kept as dry and cool as is compatible with good 
growth, because it is well known that abundant moisture and high 
temperature favor the growth of fungi. However, in this case, 
another factor, the mite, must be taken into consideration. There 
is good reason to believe that the mite is an important factor in 
spreading the disease. While nothing is known as to the effect 
of moisture on this particular mite it is known that mites in gen- 
eral thrive best under dry conditions. 

The fact that the mite associated with bud-rot is one which feeds 
on various grasses, particularly June grass, suggests that the plant- 
ing of carnations near grass land or the use of sod in the prepara- 
tion of greenhouse soil may encourage bud-rot. Excepting the ob- 
servations made by Mr. Davis in Illinois (p. 144) we have no 


“By F. C. Stewart and H. E, Hodgkiss. 
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direct evidence on this point. It should be noted, however, that 
although the use of sod soil in carnation houses is a common prac- 
tice and the silver top of June grass is a common and widespread 
trouble, carnation bud-rot is comparatively rare. Moreover, it is 
quite possible that other plants besides grass and carnations har- 
bor the buid-rot Sporotrichum and the mite. Hence, it is doubt- 
ful if it is worth while to attempt to prevent bud-rot by eliminating 
erass and sod from carnation culture. 


DISCUSSION OF NEBRASKA STATION BULLETIN 
No. 103. 


“THE BUD-ROT OF CARNATIONS, BY F. D. HEALD.’ 4 


With the exception of one topic, Inoculation Experiments with 
Fungus, the senior author had practically completed his part of 
this bulletin before the appearance (in January, 1908) of Nebraska 
Station Bulletin No. 103 on the same subject. In order to avoid 
rewriting some parts we shall present here our comments on 
Dr. Heald’s work. 

In the main, Heald’s observations and deductions agree quite 
closely with our own. Some of the principal points of agreement 
are the following: | 

(1) The buds are the only part of the carnation plant affected 
(p. 14). 

(2) The Sporotrichum exists in the rotting petals in all cases 
and generally unaccompanied by other fungi (p. 9). 

(3) A mite is constantly associated with the Sporotrichum in 
affected buds (p. 9). | 

(4) The Lawson variety is especially susceptible to bud-rot 
(p. 13). 

(5) The Sporotrichum alone is capable of producing the disease 
(p- 9). 

(6) The most typical development of the disease was obtained 
from the inoculation of young buds (p. 9). 

(7) The mite plays only a secondary part in the production of 
the disease — it acts as the carrier of the fungus spores (p. IO). 

(8) In artificial cultures the Sporotrichum produces a deep red 
color (p. 12). 


Poy i. Gp Stewart. 
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(9) The Sporotrichum produces two kinds of spores,— one, 
globular and non-septate, the other elongated and generally once- 
septate (p. II). 

(10) All affected buds should be picked and burned as soon as 
they appear (p. 15). 


Heald’s figures in his Plate I show well the tendency of the fun- 
gus to produce its spore-bearing branches in clusters. These figures 
represent better than do our own the usual habit of the fungus as 
it is found in diseased carnation buds. Our own figure (Plate IV, 
fig. 1) was made from one of the simpler forms of hyphz which 
occur when the fungus is growing very rapidly in a moist chamber. 

On page 11 Heald says: ‘‘ In some cases in crowded cultures 
the hyphze may give rise to new conidia at their tips without any 
branching or on very short lateral branches (pl. III, fig. 18). The 
writer has observed the same phenomenon in cultures on cooked 
apple in petri dishes (See Plate XIII, fig. 5). Since this prema- 
ture spore formation was especially common in a certain cul- 
ture which for some unknown reason made a very scant growth, 
we incline to the opinion that it was induced by unfavorable growth 
conditions, 

We do not agree with Heald that bud-rot is necessarily a disease 
of neglected houses and not likely to prove troublesome in green- 
houses that are kept in prime condition (p. 12). The Long Island 
greenhouses in which bud-rot has been troublesome during the past 
three years are exceptionally well managed. 

Probably, Heald’s better success with inoculation experiments is 
due to the fact that he used a very susceptible variety. In deter- 
mining the results of inoculation we (unlike Heald) have relied 
upon general appearance and microscopic examination. In a case 
of this kind Heald’s method of reisolation (p. 10) serves no useful 
purpose except to give the impression that the experiments were 
conducted with exceptional care. But the accuracy of his work is 
discredited by the fact that after making a series of his careful 
(?) inoculation experiments*® with pure cultures he referred the 
fungus to the genus Fusarium, and then, subsequently, explained 
the error as follows (p. 4): “It was found later that the trouble 


**“ Pure cultures were made of the fungus, and successful inoculations 
were carried out. The fungus was again isolated and new inoculations 
made which indicated that the fungus alone was capable of producing the 


rotting.” (Science, N. 5., 23: 620. 20 Ap. 1906.) 
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was due to a different fungus, and that the Fusarium was a con- 
tamination which developed during the transit of the specimens.” 


“A MITE ACCOMPANYING THE BUD-ROT OF CARNATIONS, 
BY ROBERT H. WOLCOTT.’ 4? 


This chapter of Nebraska bulletin No. 103 contains a brief dis- 
cussion of the life history and the description of a mite which 
Dr. Wolcott says “may appropriately be designated as Pedicu- 
loides dianthophilus.” 

The life history as given on p. 26 agrees quite well with that 
of the mites infesting carnation buds in New York State and II- 
linois and those in the buds received from Lincoln, Nebraska. The 
description and figures of Pediculoides dianthophilus, however, are 
somewhat misleading. This is particularly true of the figure of 
the male although the position of the hairs on the dorsum of the 
female is not correct. The first or lateral pair of hairs situated 
just behind the transverse constriction is not figured. The three 
pairs of median hairs figured in the plate are too near the lateral 
margins. 

The description and figure of the male are entirely wrong, and 
it would appear that the figure of the male has been reversed thus 
giving one the impression that the knot-like head with its fringe 
of hairs is a part of the genitalia, while the other end of the body 
is provided with a head and mandibles similar to those of the fe- 
male. Aside from these points of difference the structural char- 
acters of the cephalo-thorax of the male and female resemble each 
other so closely that it would appear to be impossible to mistake 
which is the cephalic end of the body, even if one were not ac: 
quainted with the usual structure of male genitalia. The copula- 
tory organ of the male is typical of the family to which the species 
belongs. 

There is no question as to the correctness of the above obser- 
vations as the male specimens from which my illustrations were 
made were obtained from carnation buds sent me by Professor 
Heald as the species upon which he and Dr. Wolcott were work- 
ing at the time. 


spy Hk Hodgkiss. 
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TROUBLES OF ALFALFA IN NEW YORK.* 
F. C, STEWART, G. T. FRENCH ann J. K. WILSON, 


SUMMARY. 


New York farmers are becoming much interested in alfalfa cul- 
ture and the acreage of this crop in the State (5582 acres in 1899) 
is rapidly increasing. ‘This bulletin gives an account of the various 
hindrances to successful alfalfa culture in New York. 

Undoubtedly, the chief difficulty is to get the crop established. | 
Several factors may be concerned in this: Poor seed, poor fitting 
of the seed-bed, sour soil, wet soil, sowing with a nurse crop, lack 
of nodule bacteria, lack of humus, weeds, leaf spot disease, close 
cutting and winter injury. Dodder is often a serious pest and leaf 
spot (Pseudopeziza medicaginis) is an important 
fungus disease. 

No alfalfa seed is produced in New_York. Much of the seed 
used here is imported and the remainder comes from the Westera 
States. farmers experience much difficulty in obtaining good 
alfalfa seed. It is aften impure, containing dodder, English plan- 
tain, wild carrot and divers other troublesome weeds. Sometimes 
it is adulterated with seed of yellow trefoil, bur clover and sweet 
clover. To avoid trouble from this source farmers should submit 
samples of their alfalfa seed to the Experiment Station for ex- 
amination. In 548 samples of alfalfa seed examined by the Station 
during the past two years 126 contained dodder. If dodder-in- 
iested seed is used it should first be sifted in a 20 x 20 mesh sieve 
made of No. 34 steel or iron wire. Dodder is a dangerous weed 
and no chances should be taken with it. Fields badly infested with 
dodder should be plowed up and reseeded. If there are only a few 
dodder spots they may be dug out or, better yet, burned out, using 
kerosene and hay for fuel. Dodder does not commonly produce 
seed in New York alfalfa fields. It is carried over from one year to 
the next chiefly by means of hibernating threads on the crowns of 
the plants; that is to say, dodder is perennial not annual 
as generally believed. The number of kinds of dodder occurring on 
alfalfa in New York is not known. Cuscuta epithymum 
is the most common species. Usually, the reseeding of dodder-in- 


*A reprint of Bulletin No. 305. 
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fested fields may be accomplished without the reappearance of dod- 
der in the new seeding provided dodder-free seed is used. 

Yellow trefoil closely resembles alfalfa, but it has a yellow blos- 
som whereas alfalfa has a purple one. Another striking difference 
is found in the root-systems of the two plants. Alfalfa has a 
strong tap-root with few side roots, while the tap-root of yellow tre- 
foil is smaller and has numerous side roots. Yellow trefoil is not 
a troublesome weed; it is merely a worthless plant. In New York, 
yellow trefoil is regularly a biennial in alfalfa fields and lawns. It 
becomes conspicuous in the first cutting of the second season, then 
disappears. The adulteration of alfalfa seed with yellow trefoil is 
much less frequent than it was a few years ago. 

In newly-seeded alfalfa fields weeds are a serious menace. Be- 
fore seeding with alfalfa the land should be cleaned thoroughly. 
It is folly to sow alfalfa on foul land. Practically all of the trouble 
with weeds comes during the first season. In established alfalfa 
fields few weeds are able to maintain themselves. When weeds 
threaten to smother young alfalfa the field should be promptly 
clipped, but not mown closely. Close mowing may ruin young 
alfalfa. 

The only really important fungus disease of alfalfa in New York 

is the leaf spot caused by Pseudopeziza medicaginis. 
Other diseases sometimes found are wilt (Sclerotinia liber- 
ttana), anthracnose (Colletotrichum trifolit), downy 
mildew (Peronospora trifoliorum), Ascochyta leaf spot 
(Ascochytasp.), Stagonospora leaf spot (Stagonospora 
mrrpariircda (7)-), and Cercospora leaf spot (Cercospora 
medtcagints). In germination tests, dead, brown seeds com- 
monly become overgrown with a species of Alternaria, but whether 
the fungus is parasitic or saprophytic is not clear. 
- Frost blisters occur on the under surface of alfalfa leaves after 
every frost. A root-knot disease caused by nematodes is common 
but probably not important. There appear to be no very important 
insect enemies of alfalfa in New York. 

There were found four diseases the cause of which could not be 
determined, viz.: White spot, an unimportant disease of alfalfa 
leaves ; yellow top, which causes the plants to stop growing and turn 
yellow; pitting of the tap-root, due to the gnawing of some un- 
known animal, and a blackening of the fibro-vascular bundles in the 
tap-root. There was found, also, a freak alfalfa plant having 
unifoliate leaves throughout. 
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INTRODUCTION. 
PURPOSE AND SCOPE OF THIS BULLETIN. 


The purpose of this bulletin is to give an account of the hind- 
rances, both great and small, to the successful culture of alfalfa tm 
New York; to state their relative importance, their nature and dis- 
tinguishing characters and the best means of overcoming them. 
Special attention is given to dodder, fungus diseases and the im- 
purities and adulteration of seed. Along several lines there is a 
regrettable lack of data. Some of the topics are treated “only 
briefly because they do not properly belong in the province of the 
Botanical Department. In order to facilitate the labors of those 
who wish to pursue the subject further, an attempt has been made 
to make the list of alfalfa diseases complete. Following the dis- 
cussion of the diseases of alfalfa in New York there is given a list 
of other alfalfa diseases not known to occur in the State. 


ALFALFA AS A FARM CROP IN NEW YORK. 


According to Dawley! the successful culture of alfalfa in New 
York dates from 1867. On the Station- farm it has been grown 
continuously and successfully since 1882. The Federal Census for 
1900 gives the total acreage of alfalfa in the State as 5,582 acres 
which yielded 13,002 tons of hay. Over four-fifths of the entire 
acreage was then in three counties in the central portion of. the 
State; viz.: Onondaga (3,767 a.), Madison (588 a.) and Oneida 
(212 a.). The remaining acreage was divided among 36 counties 
with from 1 to 87 acres each. At the present time, the acreage 
must be considerably larger and somewhat more uniformly dis- 
tributed. During the past few years interest in alfalfa has been 
growing rapidly. With a better knowledge of the requirements of 
the plant it is now grown successfully in every agricultural county 
in the State. However, there are many localities in which alfalfa 
culture is still in the experimental stage. 

It is grown chiefly for hay, being cut two to four times each 
season according to weather conditions and fertility of the land. 
It is used to a considerable extent, also, as a soiling crop. Some- 
times it is put into the silo either alone or mixed with corn. It is 





"Dawley (22). The number in parenthesis refers to the bibliography at 
the end of this bulletin. 
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seldom pastured and no seed is produced. While fed more or less 
to all farm animals it is regarded as especially valuable for milch 
COWS. 

VARIETIES GROWN. 


The botanical name of alfalfa is usually given as Medicago 
sativa L.* There are but a few named varieties. Very little is 
known as to the value of the different varieties of alfalfa for New 
York conditions. New York farmers, when buying alfalfa seed, 
seldom inquire about the variety or where the seed was grown. 
Much of the seed used is imported from Europe, Asia and South 
America and the remainder comes from various parts of the 
western United States. There is no home-grown seed available. 


THE CHIEF DIFFICULTIES. 


The greatest difficulty with alfalfa culture in New York is to get 
the crop established. Several factors may be concerned in this: 
Poor seed, poor fitting of the seed bed, sour soil, wet soil, sowing 
with a nurse crop, lack of nodule bacteria, lack of humus, weeds, 
leaf spot disease, close cutting and winter injury. If the first winter 
is passed safely the chances of ultimate success are excellent. Dod- 
der (Cuscuta spp.) is often a serious pest, being sometimes so 
destructive as to necessitate plowing up the crop. Leaf spot 
(Pseudopesiza medicaginis) is a common disease causing enormous 
loss in the aggregate, although seldom ruining the crop completely. 
Heavy losses also result from the frequent rains in June which 
often prevent prceper curing of the first cutting. 


UNCONGENIAL SOIL CONDITIONS. 


Some common causes of failure with alfalfa fall under this head. 
However, the discussion of them here will be brief for two rea- 
sons: First, because the writers have been unable to give much at- 
tention to this phase of the subject, and; second, because the Bac- 
teriological Department of the Station has under way special in- 
vestigations covering parts of the field. 


POOR FITTING. 


All writers on alfalfa agree that the land should be very thor- 
oughly fitted. It should be disked, rolled and harrowed until it is 





*For the botany of alfalfa see Brand (6, p. 18) and Scofield (92). Ac- 
cording to the latter the correct name of alfalfa is Medica sativa (L.) Mill. 
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in fine garden condition. In New York, as elsewhere, this im- 
portant matter is frequently neglected. 


ACID SOIL. 


In other states® and other countries it has been found that fre- 
quently a dressing of lime is an important aid in securing a stand of 
alfalfa. Some experiments made by the Cornell Experiment Sta- 
tion* and the experience of farmers show that the same is true in 
New York. It is believed that the success of alfalfa in Onondaga 
county is due, in large part, to the large amount of lime in the soil 
there. What proportion of the soils of the State require liming 
before alfalfa may be grown upon them successfully is not known. 
The Bacteriological Department of the Station has in progress some 
experiments which are expected to throw light on this point, but the 
results are not yet available. It is the popular opinion that the soil 
on many of our farms is too acid for alfalfa. 


WET SOIL. 


An excess of water in the soil is another serious trouble of 
alfalfa. It should be understood that alfalfa will not thrive on wet 
land. Just what degree of wetness is prohibitive to alfalfa culture 
can not be stated. Coburn,® of Kansas, says that alfalfa does not 
do well where water is nearer to the surface than six feet or where 
in winter water will stand on the ground for over forty-eight hours. 
In New York, a fair degree of success has been attained, fre- 
quently, with the water table considerably nearer the surface than 
six feet. Where water stands within three feet of the surface it is 
unwise to attempt to grow alfalfa. The usual symptoms of “ wet 
feet’ are stunted growth and yellowish or reddish discoloration of 
the foliage. 

Although it was in New York that tile drains were first used, 
there are still large areas of agricultural land in the State needing 
underdrainage badly. It appears that the benefits of underdrainage 
are not yet fully realized by many of our farmers. 


* Miller (66); Williams and Kyle (109); Hopkins (47); Duggar (24). 
‘Hunt, et al. (48). 

*Coburn (15, p. 44). 

* A discussion of heaving is given by Sorauer (97, 1: 65). 
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HEAVING. 


Considerable damage is done by the so-called “ heaving” of the 
plants which is quite as common with alfalfa as with red clover and 
due to the same cause, alternate freezing and thawing when the 
surface layer of the soil is filled with water.® Newly seeded fields 
suffer most, but fields of any age may be affected. This trouble 
was unusually common and severe in New York in the spring of 
1904. Prof. Stone’ says: ‘‘ About the first day of May [1904] 
the writer’ saw fields of alfalfa of the previous spring’s seeding 
where three-fourths of the plants were thrown out upon the sur- 
face of the soil so completely that they could be gathered up by 
handfuls like so much straw.” 

The effects of heaving are best observed during the latter part 
of April. It is most severe in the wetter portions of the field. 
Sometimes nearly all the plants are killed out over large areas the 
boundaries of which are fairly well defined, but the trouble is more 
likely to take the form of thin spots of irregular shape and indefi- 
nite outline. In mild cases, when only a few affected plants are 
scattered here and there each spring, the trouble may pass unnoticed 
until in the course of a few years the alfalfa becomes “ run out.” 
The plants may be lifted completely out of the ground and left lying 
on the surface or they may remain standing with one to four 
inches of the tap-root exposed. If the plants are lifted as much as 
four inches death usually results; in less severe cases recovery is 
frequent although the plants never regain their normal position and 
the foliage. 

Thorough drainage is the approved remedy for heaving. How- 
ever, there are instances in which the drainage is apparently good 
yet the land heaves. Such a case is mentioned by Watson.® 


HARDPAN. 


Most writers on alfalfa regard the character of the subsoil as 
very important. Miller® says that “the subsoil seems to be the 
controlling factor in the successful growing of alfalfa in Missouri.” 
Where the subsoil is of the hard, impervious kind known as hard- 
pan, alfalfa is not likely to succeed unless the land is very thor- 
oughly underdrained and other conditions are favorable. Doubtless, 


°A discussion of heaving is given by Sorauer (97, 1:65). 
™Stone (99, p. 6). 

*Watson (106). ; 

*Miller (66, p. 13). ; 
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some of the failures with alfalfa in New York are to be attributed 
to hardpan. Stone,'’ after reviewing the experiences of the spring 
of 1904 when alfalfa in New York was found badly winterkilled 
says: “ This indicates that while alfalfa may succeed on lands with 
somewhat impervious Subsoils, yet on such subsoils the crop is much 
more liable to damage than upon those of a more porous nature.” 

There has come to our attention one quite remarkable case of 
success with alfalfa over hardpan. A farmer at East Bloomfield, 
N. Y., entered into an agreement with the Bacteriological Depart- 
ment of the Station to conduct a cooperative experiment on soil. 
inoculation for alfalfa. The plat of land used contained one acre 
and was so situated on the brow of a hill that the surface drainage 
was excellent, but it was not underdrained. The soil was clay loam, 
underlaid with hardpan at a depth of only five inches! The seed 
was sown June 12, 1905. The young plants prospered and passed 
the first winter safely. During 1906 three cuttings were made and 
a total yield of about six tons of cured hay obtained. The field 
was not seen by a Station representative during 1907, but the owner 
reports that 1t was again mown three times, the yield being about 
four tons of cured hay. 


SOIL DEFICIENT IN HUMUS, 


Many New York soils are greatly deficient in humus. This is a 
condition which militates against success in starting alfalfa. It 
may be remedied by plowing in clover or by the application of stable 
manure. Stable manure is exceedingly useful. As a rule, it should 
be plowed in the fall before seeding. If used as a top dressing im- 
mediately before sowing it must be thoroughly rotted to avoid the 
introduction of weeds which will surely make serious trouble. 


SOIL DEFICIENT IN NODULE-FORMING BACTERIA, 


It is a well known fact that alfalfa will not thrive unless the 
roots bear the so-called nodules.” 

These are caused by bacteria, Pscudomonas radicicola ( Beyer.) 
Moore.* Some soils will not produce alfalfa because they are 





* Stone .0G, Da7). 

"The literature of this subject prior to 1903 has been collected by Mac- 
Dougal (61) and Schneider (090), (91). See also Atkinson (2) and 
Jacobitz (49). 

"* Recent investigations by de’Rossi (83a) indicate that the so-called 
bacteroids, and not Pseudomonas radicicola, are the cause of the nodules. 
Heretofore, the bacteroids have been regarded as an involution form of Ps. 
radicicola, but de’Rossi holds that they belong to a distinct species, 
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deficient in the nodule-forming bacteria. For several years it has 
been known that some of the alfalfa failures in New York are due 
to this cause and recent investigations by the Bacteriological De- 
partment of the Station enable us to make an estimate of the ex- 
tent of such deficiency.“ In 65 experimental fields a portion of 
each was artificially inoculated by spreading over it a small quantity 
of soil from an old alfalfa field. Satisfactory crops of alfalfa were 
obtained on the inoculated portion of 46 of these fields; whereas, 
on the uninoculated portion only 13 gave satisfactory crops. In 
other words, artificial inoculation increased the percentage of suc- 
cesses from 20 to 70. Since the experiments were distributed over 
33 counties it would appear that they represent fairly well the con- 
ditions prevailing over the State as a whole. If so, at least 50 per 
et. and perhaps as much as 75 per ct. of our soils are deficient in 
nodule bacteria. 

One of the above-mentioned experiments showing beneficial etf- 
fects from artificial inoculation was conducted by R. C. Colyer, 
Hicksville, Long Island. The experimental field contained about 
two acres. It was about twice as long as wide and nearly level. 
After plowing in the spring of 1906 the field was limed all ovez, 
shell lime being used at the rate of 75 bu. per acre. It was then 
planted with early potatoes. After the potato crop was harvested, 
during the last week in July, the land was plowed and harrowed. 
Three weeks later an application of commercial fertilizer, 500 lbs. 
per acre, was made and the land harrowed a second time. During 
the last week in August, 1906, the seed was sown at the rate of 30 
lbs. per acre and harrowed in lightly. In order to test the effect 
of inoculation a strip along the west side of the field (about one- 
half acre) was treated with 140 lbs. of soil from the Station al- 
falfa field. It was sown broadcast after the alfalfa was up. The 
alfalfa came up well and went into the winter in good condition 
with no apparent difference between the inoculated and uninocu- 
lated portions of the field. 

In the spring of 1907 there was nothing unusual at first but 
by the latter part of May there was considerable difference in color 
between the inoculated and uniroculated portions. During the early 
part of June the contrast in color steadily increased and became 
very marked. Up to this point the observations here reported were 
made by Mr. Colyer. On June 11 the senior author examined the 
experiment and observed the following: The difference in color 





* Harding and Wilson (39). 
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and size of the plants was so striking that the boundary of the 
inoculated strip could be followed by the eye the whole length of 
the field. (See diagram on page 181.) On the inoculated strip 
there was a rank growth of dark green color. The plants were 17 
to 24 inches high, most of them were robust and much branched, 
and they covered the ground completely. On the adjacent uninocu- 
lated portion of the field there was a lhght growth of golden yellow 
color. The plants were 12 to 17 inches high, slender, mostly un- 
branched and the ground among them was plainly visible. The 
yellow plants did not show any dead or spotted leaves — they were 
simply golden yellow throughout. However, this condition did not 
prevail over all of the uninoculated portion. On a strip about 50 
ft. in width and extending from the south end about one-third 
of the distance across the field near the east side, the alfalfa was 
nearly as large and as good color as on the inoculated strip. A 
satisfactory explanation of this could not be found. This part of 
the field was a little lower than the rest. Scattered over the re- 
mainder of the uninoculated portion were occasional small clumps 
of thrifty, dark green plants which contrasted strongly with the 
yellow plants about them. Such clumps were especially numerous 
ina line extending from the low area above-mentioned to the north 
end of the field. This is shown in the diagram. 

Upon making an examination of the roots it was learned that 
the dark green plants, wherever found, were well supplied with 
nodules which often occurred in conspicuous whitish clusters one- 
half inch or more in diameter; .while the yellow plants, even when 
standing close beside green ones, appeared to be wholly devoid of 
nodules. 

Mr. Colyer states that the first cutting was made July 1, when 
the alfalfa was commencing to bloom. On the inoculated strip 
(A) and the low area (C) there was a heavy yield of hay, but 
no weights were taken. The second cutting was made on August 
g and 13. On the latter date we made a second examination of 
the experiment. This time there was a fairly good crop of hay 
on the inoculated strip and the low area, while over the remainder 
of the field the plants were short and there were many bare spots. | 
The contrast in color had now entirely disappeared. The whole 
neld was of the normal green color. However, it was evident that 
many of the yellow plants had died. ‘The nodules, also, had mostly 
disappeared. A few live, plump nodules were found and some of 
the clusters were still in evidence, but most of them were shriveled 
and dead. A severe drought prevailed at this time and the ground 
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was exceedingly dry. It should be stated, also, that over the whole 
field the plants were severely attacked by leaf spot (Pseudopesiza 
medicagims) which caused a majority of the leaves to fall. 


DIAGRAM OF THE HICKSVILLE ALFALFA SOIL 
; INOCULATION [.XPERIMENT. 


Dark shading indicates good growth, as shown by 
large, dark green plants, 


A —Half-acre strip artifically inoculated 
with soil. 


3 — Uninoculated. 


C— Low area where alfalfa grew well 
without artificial inoculation. 
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Mr. Colyer reports that the third cutting in 1907 was made Oc- 
tober 1 and that in the spring of 1908 the inoculated portion made 
a splendid growth, the plants standing 12 inches high by May 12. 

In several other experiments the beneficial effects of inocula- 
tion were quite as marked as in this one and manifested themselves 
in a similar manner. 

As the best method of supplying nodule bacteria, the Station ad- 
vises the use of soil from a successful alfalfa field. It should be 
sown broadcast at the rate of 150 to 200 lbs. per acre. This is the 
method now most used in the State. The principal objection to it 
is the danger of introducing troublesome weeds and plant diseases. 
However, if proper precautions are taken the risk is slight. In 
New York no case of serious trouble from this source has come 
to our attention. Nevertheless, because of such danger, Moore™ 
and others of the United States Department of Agriculture dis- 
courage the use of soil and recommend pure cultures instead. Con- 


® Moore (67); Moore and Robinson (69); Woods (114), (115); Keller- 
mun and Robinson (51), (52). , 
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cerning this disagreement in recommendations we can only say that 
we doubt that the pure-culture method is yet sufficiently perfected 
so that it can be safely relied upon to produce the desired results. 


WINTER INJURY. 


In New York, as elsewhere, it is not uncommon for alfalfa to 
winterkill. Yet, where other conditions are favorable as, for ex- 
ample, in Onondaga County, fields last for many years. Spillman'® 
cites a New York alfalfa field 45 years old. Coburn” says, “there 
is a field in New York which has been mown successively for over 
sixty years.” 

More or less injury occurs every winter. The winter of 1903- 
1904 in’ New York was the coldest since temperature records of 
the State Weather Bureau began in 1888 and alfalfa winter-killed 
to an unusual extent.'S The ground froze deeply, there was much 
freezing and thawing during March and probably what was most 
disastrous of all, a thaw in February was followed by a sudden, 
hard freeze which left the ground covered with a thick coat of ice. 
On the Station farm an alfalfa field which had produced good crops 
for several years was completely killed out. 

Winterkilling 1s brought about in different ways — by freezing 
of the roots, by heaving, and by smothering of the plants under ice 
and standing water. It is prevented chiefly by providing good sur- 
face and underdrainage, and by avoiding late cutting in order that 
the alfalfa may go into the winter with several inches growth to 
hold the snow. ‘Top-dressing with stable manure in December 1s 

“Some recent papers bearing on this point are the following: Harding 
and Prucha (8); Kellerman and Beckwith (50); Harding (37); Moore 
(68); Stone (100); Prucha and Harding (81). See also those cited in 
footnote 13 and the following Experiment Station bulletins and reports: 
Cornell (N: ¥.) Bul. 237; Ga. Bul. 71; "Ky. Bul? 1257 Mass. Rote 
Me. Bul. 126; N. C: Rpt: 30; Ohio Bul. 181; Okla. Bul. 68; Ontario (Gane 
Agr, Coll, Buls,. 148’and 164; Pa: Buli' 78; Tex, Bull 83s Var Bulisisa7e we 
Va. Bul: 105; Wis.; Rpts. 22:3) 242 and) 23: 2815 See, also, Circ s16,.0inee 
of the Secretary, U. S. Dept. Agr., Mar. 1906. 

“Brand (6); Buffum (11); Moore and Stone(7o); Wiancko (108); 
Watson (106); Wilson (111); Williams and Kyle (109). 

® Spillman, W. J. Quoted by Coburn (15, p. 9). 

eNCabumaAcnss p.s) + 

Stone (99) gives the mean temperature at Ithaca for each of the three 
winter months (December, January and February) from 1888 to 1904. He 
also discusses the winter killing of alfalfa in New York in 1904. 
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also useful. Winterkilling is most likely to occur during the first 
winter after seeding especially if the soil conditions are in any way 
unfavorable. It is possible that a part of the winterkilling of newly- 
seeded fields in New York is due to the use of southern-grown 
seed. Although there appear to be very few data on which to base 
an opinion, it is claimed by some that Arizona-grown seed will not 
succeed here. Wing’? says, “ Arizona seed if brought as far north 
as Buffalo will surely die out.” Considerable Arizona seed has 
been used in the State. Alfalfa certainly varies much in hardiness. 
Brand”? states that Peruvian alfalfa is completely lacking in hardi- 
ness in all northern localities. Until comparative tests have been 
made in New York it can not be stated from what region it is best 
to secure seed for use here. Coburn,?! on theoretical grounds, ad- 
vises Utah seed grown without irrigation. 


Pate RE OR (CH ne SEED GROP. 


It is of little use to attempt to produce alfalfa seed in New York, 
A few years ago F. H. Stillwell, Manlius, N. Y., grew about eight 
bushels of alfalfa seed, four bushels of which came from a single 
acre. ‘This is the only success known to us. On the Station grounds 
several unsuccessful attempts have been made to obtain seed from 
Turkestan alfalfa and the common sorts, sown broadcast and alsc 
in drills. However, plants missed by the mower on the margins of 
fields sometimes seed sparingly. Probably, climate conditions are 
in some way responsible for the failure of alfalfa to seed in New 
York, but the exact manner in which the trouble is brought about 
is not clear. 


Whe TRY) Oy SEE oo TCE). 


Concerning the viability of alfalfa seed in New York, definite 
statements can not be made. The writers have made few germi- 
nation tests. However, judging from the appearance of samples 
sent in by farmers and seedsmen we are of the opinion that the al- 
falfa seed sold in New York is frequently rather low in viability.” 
The Station can not undertake to make germination tests, but 
farmers should make such tests for themselves. With some ex- 
perience one may determine, approximately, the viability of alfalfa 
seed by its color and plumpness, but it is generally advisable to 


“Wing (113). *” Brand (6). = Cobugn «(15..pp,. 20720.) « 
“The standard germination for alfalfa seed is 85 to 90 per ct. (U. S. 
Dept. Agr. Yearbook for 1896: 624). 
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make germination tests.2> Usually, plump, bright, greenish-yellow 
seed may be depended upon to germinate well. Brown seed should 
be avoided. Brownness is an indication of age. It is hastened by 
exposure to light. Shriveled, dark-brown seeds are usually dead. 
Plump brown seeds, on the contrary, may germinate fairly well, 
for plump seeds retain their viability for several years. Of 100 
plump brown seeds selected by the writers from a sample of un- 
known age, 90 germinated. In tests made by Headden** a sample 
of prime seed 12 years old showed a germination of 93.66 per ct. 
while another sample 16 years old gave 63 per ct. 

In this connection it is interesting to note that while, according 
to Headden,”® 70,000 to 650,000 plants per acre constitute a good 
stand of alfalfa it is considered necessary to sow from 10 to 100 
times that many seeds per acre. From 20 to 30 lbs. of seed per 
acre 1s the quantity recommended in New York, the majority of 
experts favoring the larger amount. The number of seeds con- 
tained in a pound of alfalfa is variously stated by different investi- 
gators. Probably, the figures given by Nobbe”® are as reliable as 
any. le tested 47 samples of commercial seed in Germany and 
found the average number of seeds per pound to be 225,014. Our 
own work on ghis subject consists of an examination of six sam- 
ples of prime seed offered for sale at different places in New York. 
Preparation of the samples for counting consisted in shaking them 
well in the 20x20 mesh sieve recommended for removing 
dodder (see page 194) and afterward removing by hand such im- 
purities as would not pass through the sieve. The results of the 
counts were as follows: 


Sample No. I 5 gms. pure seed contained 2272 seeds—206115 per lb. 
ee ec 2 5 ve zs ce ‘ 2281 sé —=206932 iT) is 

“e 3 5 ‘e ce te “ec 2316 ae 210106 e ce 

sé 4 10 a ce ce ce 4935 se 223851 ee sé 

ce 5 10 ce te “ as 4938 ce —=223087 ins ce 

6 10 ae te é ae 5166 te 234329 ae & 


Average of six samples, 217,545 seeds per pound. 
From these figures it will be seen that in 30 lbs. of prime alfalfa 
seed there are over 6,000,000 individual seeds. Either the seed 


“On this point see Roberts and Freeman (83, p. 61). 
**Headden (41). * Headden (40, p. 40). 
“ Nobbe (73, p. 501): 
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sown is low in viability or else the mortality of the seedlings is ex- 
tremely high. 


IMPURE AND ADULTERATED SEED. 


New York farmers experience considerable difficulty in obtain- 
ing pure alfalfa seed. It being next to impossible to produce al- 
falfa seed in New York, all of the seed used must be purchased 
from seed dealers. Frequently, the Station is asked to recom- 
mend some seedsmen who may be relied upon to furnish good seed. 
Such requests are refused because it is the established policy of the 
Station to avoid advertising anyone’s business. Farmers are ad- 
vised to buy by sample and not to sow alfalfa seed until an expert 
has examined it for dodder and other troublesome weeds and for 
evidence of adulteration. For residents of New York, the Station 
makes such examinations free of charge. 


IMPURITIES. 


Between November 20, 1906, and August 15, 1908, the Station 
analyzed 548 samples of alfalfa seed sent in by farmers and seeds- 
men from various parts of the State. Since these samples were 
grown in many different parts of the world it is to be expected that 
they would contain many different kinds of weed seeds and such 
was found to be the case. Several of the weed seeds we were un- 
able to identity. One of these unknowns, found in 37 samples, was 
sent to the Seed Laboratory of the United States Department of 
Agriculture for identification. Mr. Edgar Brown, Botanist in 
Charge, informs us that the seeds are of a species of Centaurea, 
which is common in Asia Minor, and that they probably come to 
us only in the seed of Turkestan alfalfa. Thus it is sometimes 
possible to determine where seed was grown by the weed seeds it 
contains. 

Usually, it is the character of the impurities rather than their 
quantity which makes them objectionable. The most objectionable 
impurity of all is dodder seed. So little as one dodder seed per 
pound renders alfalfa seed unsafe for use. Dodder often makes 
serious trouble in alfalfa fields and no chances should be taken with 
it. Of the 548 samples analyzed, 126, or 23 per ct., contained more 
or less dodder. In 122 of the infested samples the number of dod- 
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der seeds per pound was determined. The numbers, given in the 
order of their size, are as follows: 


2 8 16 25 38 58 990 162 270 892 
2 1 16 20 39 60 100 174 25% 972 
2 “II 17 27 40 62 100 176 278 1123 
3 12 17 28 44 62 102 182 309 8652 
4 12 18 32 44 605 105 189 320 22996 
4 13 20 33 45 65 108 190 321 
5 14 21 34 46 65 119 192 4378 
6 14 21 34 47 67 127 194 489 
6 14 21 34 52 68 129 197 645 
'g 15 22 35 53 73 138 198 = 672 
7 15 22 36 56 76 141 227° 735 
8 16 23 a7 57 77 143 232 =744 
8 16 23 37 V4 82 156 234 870 


Several different species of dodder infest alfalfa, but how many of 
them are represented in the above-mentioned samples is not known. 
The identification of the different species by their seed characters 
being somewhat difficult, the writers have not attempted it. It ap- 
pears that for all practical purposes it makes little difference to 
what species the dodder belongs except that the seed of some 
species, being larger than that of others, is more difficult to remove 
by sifting. (See page 194.) Accordingly, the writers place them 
all in two classes, small-seeded dodders and large-seeded dodders?’, 
(See Plate XVII, figs. 3 ‘and:4.) Inthe samples analyzedyerne 
small-seeded kinds of dodder greatly predominated. 

Most of the dodder-infested samples belonged to the poorer 
grades of seed, but some of them were decidedly high grade in all 
respects except that they contained dodder. Seed may be of good 
color, high purity and high-priced yet contain enough dodder to 
make it unfit for use. Even the so-called recleaned seed is not 
entirely reliable as regards freedom from dodder. 

However, the use of dodder-infested seed does not necessarily 
result in a dodder-infested crop. Probably, the great majority of 
dodder seeds fail to make plants. In the spring of 1906 the writers 


> Hillman (46) distinguishes five principal species of dodder occurring in 
alfalfa seed; viz. Cuscuta epithymum Murr. (clover dodder), C. planiflora 
Ten. (small-seeded alfalfa dod‘er), C. arvensis Beyrich (field dodder), C. 
indecora Choisy (large-seeded alfalfa dodder) and C. racemosa chileana 
Engelm. (Chilean dodder). The first two have small seeds, the last three, 
large ones. Hence, the term “small-seeded dodders” as used by the writers 
includes Hillman’s first two species while the other three are classed as 
“large-seeded dodders.” 
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sowed three twentieth-acre plats with dodder-infested alfalfa seed 
from three different sources. The exact number of dodder seeds 
applied to Plats I and II is not known, but the seed used was taken 
from lots analyzing, respectively, 105 and 360 dodder seeds per 
pound. Since one and one-half pounds of seed were sown ou 
each plat, it is likely that Plat I received about 157 and Plat II 540 
dodder seeds. In both cases the dodder was one of the small- 
seeded kinds, Cuscuta epithymum Murr. Plat III received seed 
containing (by actual count) 120 seeds of one of the large-seeded 
dodders. A fourth plat of the same size was sown, at the same 
time, with red clover seed containing 100 dodder seeds from the 
same source as those used on Plat III. 

A good stand of alfalfa and clover was obtained on all four 
plats, but there was never any evidence of dodder. Each of the 
plats was carefully examined several times during 1906 and 1907 
without the discovery of a single dodder plant. Concerning the 
viability of the dodder seed at time of sowing nothing is known ex- 
cept that a part, at least, of the seed used on Plat II] must have been 
viable since some dodder from the same lot of seed germinated in 
March, 1907. 

Narrow-leaved plantain (Plantago lanceolata L.), also called 
English plantain and buckhorn and generally regarded as a trouble- 
some weed, was found to be a very common impurity. Thirty-six 
and one-half per ct. of the samples contained more or less of it. 
The actual amount was determined in only fifteen of the worst-in- 
fested samples in which the numbers of seeds per pound of alfalfa 
seed were as follows: 154, 224, 246, 332, 348, 453, 477, 513, 586, 
605, 627, 756, 944, 1451 and 1457. 

Yellow foxtail (Setarta glauca (L.) Beauv.) and_ green 
tema (Selaria )viridis, (L.) Beauv.) were. found in, ‘a 
large percentage of the samples. Although these are trouble- 
some weeds they are so universally distributed that their presence 
in alfalfa seed is not considered to be of any particular importance. 
Wild carrot (Daucus carota L.) also occurred in a considerable 
number of the samples, and Russian thistle (Salsola kali L. var 
tenuifolia G. F..W. Mey), was found in 78 of the 548 samples ex- 
amined. 

Besides a large number of unimportant weeds some kinds of 
which occurred in many samples, the following troublesome weeds 
were found occasionally: Curled dock (Rumex crispus L.), crab 
grass (Digitaria sanguinalis (L.) Scop.), Canada thistle (Cirstum 
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arvense (L.) Scop.), chicory (Cichorium tmtybus L.), charlock 
(Brassica arvensis (L.) Ktze.), black mustard (Brassica nigra 
(L.) Koch.) and quack grass (Agropyron repens (L.) Beauv.). 

The question naturally arises, how great is the risk incurred in 
sowing impure alfalfa seed and what are the most dangerous im- 
purities? .As stated above, the risk on dodder is certainly large. 
The damage done by this pest is discussed more fully on page 197. 
Narrow-leaved plantain and wild carrot are troublesome weeds, but 
the great majority of New York farms are already infested with 
them so that the sowing of a few additional seeds with alfalfa seed 
can do no great harm. However, there are some careful farmers 
who are making strenuous efforts to keep their farms free from 
these weeds. To such persons, even a small amount of narrow- 
leaved plantain or wild carrot in alfalfa seed would be objection- 
able. Canada thistle, curled dock, mustard and charlock are all 
very bad weeds and few persons would care to use any seed contain- 
ing them. Fortunately, they do not occur in alfalfa seed very fre- 
quently ; besides, it is probable that all of them find much difficulty 
in establishing themselves in alfalfa fields. Further discussion of 
this subject will be found on page 214. 

The danger from weeds is often greatly overestimated. The 
Russian thistle 1s a conspicuous example. About fifteen years ago 
much ado was made over the Russian thistle and several of the 
experiment stations published sensational bulletins on the subject. 
Subsequent events have shown the weed to be quite unimportant.” 
Certainly, New York farmers have nothing to fear from it. Al- 
though seeds of Russian thistle must have been sown with alfalfa 
seed many times the plant is almost unknown here. There have 
come to our attention only two instances in which Russian thistle 
has appeared in alfalfa fields in New York. Both of these occurred 
in 1908 — one near Geneva and the other at Halls Corners. We 
have not seen it growing elsewhere in the State. However, Peck*® 
records its occurrence near Rochester and Prof. W. W. Rowlee of 
Cornell University informs us that it is quite abundant around the 
salt sheds and on the waste of the Solvay Process Co., at Syracuse. 


ADULTERATION. 


Alfalfa seed is sometimes adulterated. Each year, during June, 
the Station receives almost every day one or more specimens of a 


* Bessey (5). 
” Peck (75). 
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clover-like plant with small yellow blossoms. Usually, the speci- 
mens are accompanied by a statement to the effect that plants of 
this kind constitute one-half or more of the herbage in fields sown 
the summer before with what was supposed to be alfalfa seed. The 
sender of the specimens is informed that the strange plant is yellow 
trefoil (Medicago lupulina L.)* the seed of which closely resembles 
alfalfa seed and being much cheaper than alfalfa is used to adulter- 
ate it.°1 (See Plate XVII, figs. 2 and 5.) He has sown adulterated 
seed, 

Between 1901 and 1905 trouble of this kind became so common 
as to attract general attention. I‘armers became more cautious in 
purchasing alfalfa seed and began sending samples to the Experi- 
ment Station for analysis. Then Congress helped out by directing 
the Secretary of Agriculture to obtain in the open market samples 
of alfalfa and certain other seeds and if any are found to be adul- 
terated or misbranded to publish the results of the tests together 
with the names of the persons by whom the seeds were offered for 
sale.°* Moreover, in a few cases the matter was taken into the 
courts and farmers collected damages from seed dealers who had 
sold them adulterated seed. 

It appears that these things have had a tendency to discourage 
the sale of adulterated alfalfa seed in New York. During the past 
two or three years the situation has improved considerably. Of 
the 548 samples of alfalfa seed analyzed by the Station between 
November 20, 1906, and August 15, 1908, only ten showed evidence 
of adulteration and none of these were heavily adulterated. One 
of the adulterated samples contained g per ct. of sweet clover 
(Melilotus alba Desr.) while in the other nine the adulterant was 
yellow trefoil which was used tothe extent of 6 per ct. in two sam- 
ples, about 7 per ct. in four samples, 8.4 per ct. in one, 9 per ct. in 
one, and 10 per ct. in the remaining one. 

Besides yellow trefoil and sweet clover, two species of bur clover 
(Medicago hispida Gaertn. and Medicago arabica Huds.) are used 
to adulterate alfalfa seed. Adulterated samples frequently con- 
tain both yellow trefoil and bur clover.** In New York, there have 
come to our attention only four cases of adulteration with bur 


*° The nature and habits of yellow trefoil are described more fully on page 

* Brown (9); Roberts and Freeman (83); Galloway (35), (36). 

“Two circulars dealing with alfalfa seed have been published under this 
act. See Galloway (35), (36). 

“Galloway (35), (36). 
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clover. One of these was a quantity of alfalfa seed purchased by 
the Station in Geneva in 1904. It was heavily adulterated with 
yellow trefoil and also contained a considerable amount of the two 
species of bur clover. Some of the seed was sown and the resulting 
plants of bur clover identified as Medicago Iuspida and M. arabica. 
In 1908 a sample from Oswego contained nine per ct. of yellow 
trefoil and two per ct. of bur clover. A sample of alfalfa seed sent 
to the Station from Canandaigua in 1904 showed 30 per ct. yellow 
trefoil and 4 per ct. bur clover. Another sample from Canandaigua 
in 1905 contained 44.4 per ct. yellow trefoil and 3.9 per ct. bur 
clover. This last sample has a court history which it may be weil 
to relate since it has a bearing on the responsibility of seed dealers 
for damages resulting from the use of adulterated seed. 

In June, 1904, G. M. Depew of Canandaigua, N. Y., sowed a 
I5-acre field with alfalfa using 30 pounds of seed per acre. Two- 
thirds of the field was sown with seed purchased from the Peck 
Hardware Co., Canandaigua, N. Y., and the remaining five acres 
with seed from another seed dealer.. In the fall of 1904 the stand 
of alfalfa appeared good, but in the latter part of May, 1905, a 
part of the plants supposed to be alfalfa produced yellow blossoms. 
Specimens were sent to the Experiment Station where they were 
identified as yellow trefoil, Medicago lupulina. In a letter accom- 
panying the specimens Mr. Depew stated that the yellow-flowered 
plant constituted one-half the crop. We advised him to plow up the 
field and reseed it. This he did about the middle of July, 1905. 
He then sent to the Station a sample of the seed left over from 
sowing the last five acres. An analysis of this seed showed it to 
contain 44.4 per ct. yellow trefoil and 3.9 per ct. bur clover besides 
some minor impurities and dodder at the rate of 114 seeds per 
pound. Upon being threatened with a suit for damages the dealer 
who sold this seed settled. The Peck Hardware Co., however, re- 
fused to settle and was sued for damages as follows: 


Loss of one year’s crop of alfalfa on ten acres... $700 00 


Plowing and fitting ten acres for reseeding...... 80 00 
Altalia seed, tovrsow ten acres; quae. « tai) otis 42 00 
otal warint, BideoRpabes i.e Ree memeneaer ey blac adele oe $822 00 


The case was tried in the Ontario County Court at Canandaigua 
in June, 1906. As to whether the seed had been-bought upon an 
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express guaranty, the evidence was conflicting; but there was pos- 
itive evidence that it had been represented to be “ good alfalfa 
seed.” In charging the jury the Judge stated that there is such a 
thing as an implied guaranty; also, if seed is sold as alfalfa seed 
there is an implied guaranty that it 1s alfalfa seed and in case it 
proves to be wholly or in large proportion some other kind of seed 
the seller may be held lable for damages. No mention was made 
of the so-called “ non-warranty clause” and it appears not to have 
figured in the case. None of the seed bought from the Peck Hard- 
ware Co. was in evidence as all of it had been sown. Proof of the 
existence of yellow trefoil in the Peck seed rested chiefly upon the 
testimony of several witnesses that the portion of the field sown 
with the Peck seed showed yellow blossoms the same as the five 
acres which was sown with the other seed shown by analysis to 
contain 44.4 per ct. yellow trefoil. As tothe percentage of trefoil 
plants in the field, the testimony of different witnesses varied 
greatly. One said it was only 9g per ct. while others placed it at 
50 to go per ct. Several witnesses testified to the frequent oc- 
currence of trefoil along the highways in the vicinity of the Depew 
farm and the defense endeavored to show that the trefoil in the 
Depew field may have come from seed already in the soil® or from 
wild plants in the vicinity. Two witnesses testified to instances in 
which alfalfa fields showing much trefoil in the second season after 
seeding were practically free from trefoil in the third season. The 
defense claimed that the plowing of the field was unwarranted by 
the circumstances. The presence of growing dodder in the field 
was proven and counsel for the plaintiff pointed out that this was 
an additional reason for plowing up the field. 

The jury rendered a verdict for the plaintiff in the sum of 
$377.42 with costs. The case was then carried up to the Appellate 
Court where the plaintiff won again. Finally, it was taken to the 
Court of Appeals where it has not yet been passed upon at this 
writing (November 14, 1908). 


ANALYSES. 


For residents of New York, the Station makes purity tests of 
alfalfa and other seeds free of charge. Seed dealers should learn 
to recognize dodder and the other principal impurities and adulter- 


“This is unlikely since the land grew oats in 1902 and corn in 1903 and 
no manure was applied in 1904 the season in which the alfalfa was sown. 
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ants of alfalfa seed,” but for farmers this is scarcely worth while. 
Most farmers will find it safer and more satisfactory to rely on 
tests made by experts at the Experiment Station or in the United 
states Department of Agriculture. An analysis made by an expert 
is the farmer’s chief safeguard against impure and adulterated seed. 
Samples of alfalfa seed for analysis should contain at least two 
ounces and should be taken in such manner as to represent fairly 
the lot of seed to be tested.*° If the seed is in bags the sample 
should contain some seed from each bag and in all cases a portion 
of it should be taken from the bottoms of the bags. When alfalfa 
seed containing dodder seeds is shipped in bags in an upright posi- 
tion the dodder seeds, being smaller than the alfalfa seeds, tend to 
settle to the bottoms of the bags. Samples should bear the name 
and address of the sender. The postal rate on seeds is one cent gn 
ounce. 

Many of the samples received at the Station are entirely too 
small for a dependable analysis as regards dodder. The samples 
sent out by seedsmen are usually too small. A majority of the 
548 samples reported upon in this bulletin contained less than one 
ounce. Had all the samples been of proper size it is likely that the 
number found to be infested with dodder would have been larger. 

A sample from Moira, N. Y., containing only 2 grams was free 
from dodder. Upon being informed that the sample was too small, 
the sender forwarded aiother 20-gram sample of the same seed. 
This contained 22 dodder seeds which is at the rate of 499 per 
pound. | 

A Canandaigua farmer brought to the Station a good-sized sam- 
ple taken from the top of a bag of seed. It was entirely free from 
dodder. A few days later he brought another sample from the 
same bag but obtained by thrusting his hand deeply into the bag. 
This sample contained dodder at the rate of 20 seeds per pound. 

A farmer at Delhi, N. Y., sent a sample (5.3 grams) which was 
found to be free from dodder. Upon receipt of the Station report 
on the sample he purchased and sowed some of the lot of seed from 
which, supposedly, the sample had been taken. However, the seed 
dealer was in doubt as to which bag the sample had been taken 





- ™Some bulletins especially useful for this purpose are the following: Hill- 
man (44), (45), (46); Brown (9); Roberts and Freeman (83). 

* Detailed directions for taking samples are given in, Rules and Apparatus 
for Seed Testing. U. S. Depart. Agr. Office of Experiment Stations. Cire. 
34 (Revised). 1906. 
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from and a mistake may have been made. Anyway, the crop was 
practically ruined by dodder during the first season. 

These examples show the importance of using proper samples for 
analysis; also, that absolute confidence should not be placed in an 
analysis. As an additional precaution against dodder the writers 
advise the sifting of alfalfa seed as described under the next 
heading. 

SIFTING SEEDS TO REMOVE DODDER. 


Trouble with dodder in alfalfa fields is usually due to the use 
of dodder-infested alfalfa seed. Since much of the alfalfa seed 
on the market in New York is more or less infested with dodder 
it is often difficult to obtain dodder-free seed. The statements of 
seed dealers should not be relied upon. Most of the alfalfa seed in 
this State is handled by hardware merchants and small seed dealers 
who, themselves, do not know dodder seed. As dodder seeds are 
much smaller than those of alfalfa they may be easily overlooked. 
Good-looking seed, otherwise clean, may be badly infested with 
dodder. Even so small an amount as one dodder seed per pound 
makes alfalfa seed dangerous to sow until properly cleaned. 
Farmers are advised to protect themselves against dodder by sow- 
ing no alfalfa seed until it has been pronounced dodder-free by a 
seed expert or else sifted as directed below. The safest method is 
to have the seed both analyzed and sifted. 

The idea that alfalfa seed may be freed from dodder is not a 
new one. But prior to the appearance (in January, 1907) of Cir- 
cular No. 8 of this Station®’ the information on the subject avail- 
able to New York farmers was too meager and indefinite to be of 
any practical value. It is not sufficient to state merely (as has some- 
times been done)**® that a 20-mesh sieve should be used. It is 
necessary to know, also, the size of the wire, where sieves of the 
proper kind can be obtained and how they are to be used. To the 
uninitiated it may seem that the size of the wire is unimportant, 
but, in practice, it makes all the difference between success and 
failure. With a given mesh, the larger the wire the smaller will 
be the openings. It is desirable that the openings shall be as large 
as possible without permitting the passage of an unduly large 
amount of alfalfa. After several experiments on sifting dodder- 
infested seed with sieves of various kinds the writers reached the 


** Stewart and French (08). 
* Hillman (43, p. 8; 45, p. 10); Selby and Hicks (93). More explicit 
directions are given by Hillman (46, p. 20). 
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conclusion that the proper sieve for the purpose is one made of 
20 x 20 mesh steel- or iron-wire cloth, the wire being No. 34 on 
the Washburn & Moen gauge. (lf a brass- or copper-wire sieve 
is used it should be 20 x 20 mesh No. 33 wire on the Old English 
gauge.)®® Unfortunately, ready-made sieves of this kind are not 
readily obtainable. Also, it is difficult to get them made, because 
few hardware dealers carry in stock the proper kind of wire cloth. 
Accordingly, the Station had a quantity of the 20 x 20 mesh No. 34 
steel-wire cloth made to order and placed it in the hands of Dor- 
chester & Rose, Geneva, N. Y., who offered in for sale during 
1907. The original lot has been all sold, now, but Dorchester & 
Rose have had some more made on their own account and expect, 
hereafter, to keep it for sale at twenty cents per square foot, post- 
paid. . 

A foot-square piece of this wire cloth tacked over a light wooden 
frame twelve inches square by three inches deep makes a cheap, 
serviceable sieve jor sifting alfalfa seed (see Plate XVI). 

With such a sieve a man should be able to clean from three to 
seven bushels of seed per day. One-fourth to one-half pound of 
seed should be put into the sieve at a time and vigorously shaken 
during one-half minute. In order that the work may be uniformly 
thorough the operator should use a cup holding not over one-half 
pound thereby making it impossible to get too large a quantity at 
one time. A watch should be kept constantly in sight and no more 
than two batches of seed should be sifted in one minute. If the 
seed is known to contain but little dodder, one sifting will do; but 
when there is much dodder and particularly if the dodder is one of 
the large-seeded kinds, two siftings, both made strictly in accord- 
ance with the above directions, are recommended. 

Our experiments and observations indicate that by the above 
method most alfalfa seed on the market in this State may be made 
practically free from dodder and safe to sow. Of course it is ad- 


*° No. 34 brass wire is not of the same size as No. 34 steel wire. In 1900 
the Wire Cloth Manufacturers’ Association adopted the Washburn and 
Moen gauge for all steel- and iron-wire cloth and the Old English gauge for 
all brass and copper-wire cloth. On the Washburn and Moen gauge No. 34 
wire has a diameter of .o104 inches. Hence, in 20x20 mesh No. 34 steel- 
wire cloth the actual size of the openings is .0396 in. each way. On the Old 
English gauge, No. 34 wire has a diameter of .0095 in. which makes the size 
of the openings in 20x20 mesh No. 34 brass-cloth .o4os5 in. each way. This 
is too large. No. 33 brass wire, which has a diameter of 0.1025 in. and 
gives openings .03975 in. wide, more nearly meets the standard requirements. 
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visable to begin with seed as nearly free from dodder as can be 
conveniently obtained. If a sample of the seed has been examined 
at the Experiment Station the owner has been informed as to 
whether the dodder in it is of the small-seeded or large-seeded 
kind and he should manage the sifting accordingly. Occasionally, 
samples are found in which some of the dodder seeds are so large 
that they will no pass through the sieve. Fourteen cases of this 
kind were found among the 120 dodder-infested samples examined 
at the Station. Such seed should not be used. 

Since the farmer has no means of determining whether he is 
removing all of the dodder it is absolutely necessary for him to 
follow directions closely. Care should be taken to secure the 
right kind of sieve. In purchasing sieves or wire cloth for making 
sieves it should be seen to that they are actually 20 x 20 mesh. 
This may be determined by placing a rule on the sieve and count- 
ing the number of meshes to the inch. Also, the wire must not 
be coarse. The Station will furnish small samples of the proper 
kind of wire cloth free upon request. 

The quantity of siftings varies from one to five pounds pe. 
bushel according to the original cleanliness of the seed and the 
thoroughness of sifting. Besides dodder, various other small weed 
seeds, broken seeds and dirt, as well as some of the smaller alfalfa 
seeds, also pass through the sieve. Probably, most of the alfalfa 
seeds which pass through the sieve are somewhat inferior in qual- 
ity. Small, shriveled seeds are not likely to make as strong plants 
as are large plump seeds. However, it appears that the difference 
is not as great as might be supposed. Once, the writers put this to 
the test. Two lots of seed were thoroughly sifted according to 
the directions given above. Then the cleaned seed and screenings 
(with dodder removed) were sown side by side under parallel con- 
ditions. The experiment was continued only two years, but during 
this time there was no observable difference between the plats sown 
with cleaned seed and those sown with screenings. Still, it 1s 
believed that little if any real loss is sustained through the rejec- 
tion of the screenings. If the seed contained dodder the quantity 
of this pest in the screenings will probably be so great as to ruin 
the crop. Even when the seed has been analyzed and reported 
free from dodder it is generally advisable to sift it as an additional 
precaution. In such cases the screenings might be sown by them- 
selves in one corner of the field so that should dodder appear it 
could be stamped out with a minimum amount of loss. 
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In experimenting with some samples of alfalfa seed infested 
with narrow-leaved plantain (Plantago lanceolata) it was observed 
that the sifting for dodder reduced considerably the percentage 
of plantain.*** The results of three experiments with three dif- 
ferent lots of seed are shown in the following table: 


TABLE I.— SHOWING RESULTS oF SIFTING ALFALFA SEED TO REMOVE SEED 
OF NARROW-LEAVED PLANTAIN (Plantago lanceolata). 

















| Ist SIFTING. 2p SIFTING. TOTAL. 
Number 
Sos tan MS 

ais anceoiata | Number Number Number 

ment. : pends an seeds | Percentage| seeds g |Percentage | seeds Percentage 
ke : ‘ftis ore | per lb. | removed. per lb. removed. | ? per lb. removed. 
eSUTINg.  |removed. removed. removed. 
Bi 

1 eas 416 128 30.76 16 3.84 144 34.61 
1 ORR mo 544 160 29.4 32 5.88 192; 35.29 
BOWES eee 543 154 28.36 85 1565 239 44.01 





It is to be hoped, that in the future, seed dealers will take more 
care to remove dodder from their alfalfa seed. Farmers should 
aid the movement for better seeds by refusing their patronage to 
firms offering adulterated and dodder-infested seed for sale. Some 
seed dealers advertise alfalfa seed sifted according to the method 
recommended by the Experiment Station. This is well, but we 
would caution farmers against placing implicit confidence in such 
seed. Samples should be submitted to the Station for analysis just 
the same as in other cases. The sifting may not have been done 
properly. In the spring of 1907 a Geneva farmer brought to the 
Station 9o lbs. of alfalfa seed which he had purchased with the 
understanding that it had been thoroughly sifted as directed by the 
Station. Resifting this seed brought to light 660 seeds of one of 
the small-seeded kinds of dodder. 


DODDER. 


BRIEF GENERAL STATEMENT. 
Dodder is a yellowish, thread-like, twining plant which is very 
troublesome in alfalfa fields. It usually appears in circular spots 
three to thirty or more feet in diameter. At the center of the spot 


*“* For removal of plantain seed from alfalfa seed, see Shaw (Bur. Plant. 
Indus. Circ. No. 2). 
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1, Home-made sieve 12 in. square by 3 in. deep; 2, 20x mesh wire-cloth 
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PLATE XVII.— DoppEer, ALFALFA AND YELLOW TREFOIL, 





1, Alfalfa infested with dodder (Cuscuta epithymum) which is in bloom; 2, alfalfa 
seeds; 3, seeds of large-seeded dodder; 4, seeds of small-seeded dodder; 5, yel- 


low trefoil seeds. 
(All natural size.) 
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the alfalfa is mostly killed out while around the margin the ground 
is covered with a tangled mat of yellow threads which twine closely 
about the stems of the alfalfa plants and slowly strangle them. The 
spots increase in size from year to year. Many alfalfa fields have 
been completely ruined by dodder, sometimes during the first season 
after sowing, but more commonly in the second or third season. 
In New York, it is not often injurious to other crops (except red 
clover), but once established in an alfalfa field it is very difficult | 
to eradicate without killing the alfalfa. 

Dodder produces clusters of small white flowers, also seeds (see 
Plate XVII), but is leafless and has no connection with the soil ex- 
cept during the seeding stage. It is a parasite, deriving all its 
nourishment from the host plant about which it twines. The dod- 
der infesting alfalfa in New York is probably of two or more kinds 
closely similar in appearance and producing similar effects. The 
kind of dodder most abundant in New York (Cuscuta epithymum) 
does not commonly seed here. It is carried over from one season 
to the next by means of the yellow threads which live over winter 
around the crowns of the plants (see page 203). Since trouble 
with dodder generally originates in the use of dodder-infested al- 
falfa seed it may be easily prevented by sowing only pure seed (see 
page 193). Frequent mowing will not kill dodder. It can not be 
combated successfully with sprays. Close pasturing is not prac- 
tical. Heavy mulching with coarse manure and the application of 
strong chemicals such as arsenite of soda, crude carbolic acid and 
common salt are methods having some merit. Digging over the 
spots is effective, but expensive and not practicable in stony soil. 
In most cases the most satisfactory method is to burn over the in- 
fested spots using kerosene and dry hay to insure a hot fire which 
will kill the alfalfa as well as the dodder. This applies where the 
spots are not very numerous. Badly infested fields should be 
plowed up. In New York plowing generally eradicates dodder 
promptly so that, usually, infested fields may be reseeded at once 
with safety. 

IMPORTANCE. 


In New York, dodder is a really serious alfalfa pest, but it is 
outranked in importance by weeds and by leaf spot (Pseudopeziza 
medicagimts). Also, certain uncongenial soil conditions such as 
acidity, wetness and deficiency in nodule-forming bacteria, are more 
important. The notoriety attained by dodder is largely due to the 
plant’s strange appearance which attracts attention to it. It is true, 
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however, that many farmers have had more or less trouble with 
dodder. Some fields have been ruined by it the first season, but in 
the majority of cases the greater part of the damage is done during 
the second and third seasons after sowing. Sometimes it is quite 
destructive in the second season where it was not observed at all 
during the first season. It is most conspicuous in the second and 
third cuttings. 

Although dodder-infested hay is not refused by cattle it appears 
that they do not entirely relish it. There is no evidence that dod- 
der is in any way injurious to cattle or other animals. 


APPEARANCE OF INFESTED FIELDS. 


The alfalfa is killed out in spots which vary much in size and 
shape. Spots resulting from a single infection are generally cir- 
cular and rarely attain a diameter of more than 5 or 6 feet during 
the first season. Usually, they increase in size from year to year, 
ultimately reaching a diameter of 30 feet or more. In some spots 
the dodder dies out and may be said to have become extinct. By 
the coalescence of two or more spots large bare areas of irregular 
shape are formed. On the interior of the spots there remain a few 
scattered alfalfa plants which, somehow, escaped destruction by the 
dodder, but the ground is occupied chiefly by weeds. 

Dodder-infested spots are especially conspicuous during the first 
week in May, owing to the fact that the alfalfa starts into growth 
sooner than the weeds on the interior of the spots. The dodder, 
however, is but little in evidence at this time. Its presence is re- 
vealed only by careful search. Later (from about June Io on) 
it becomes conspicuous as a tangled mass of yellow threads which 
twine closely about the alfalfa plants around the margin of the spot. 
Not infrequently the dodder mats are so dense that they impede the 
progress of the mowing machine. Little or no dodder is found in 
the interior of the spots,—only around the margins. 


SPECIES AND HOST PLANTS. 


According to Engler and Prantl*® there are go species of Cus- 
cuta, the genus to which the dodders belong. All are parasites, but 
only a few of them are injurious to alfalfa. Just how many species 
of Cuscuta may attack alfalfa it is difficult to say. Hillman*! gives 


“Engler u. Prantl (28). 
“Hillman (46). 
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five species the seeds of which occur in alfalfa seed; viz., Cuscuta 
epithymum Murr., C. planiflora Ten., C. arvensis Beyrich, C. m- 
decora Choisy and C. racemosa chileana Engelm. Doubtless, seeds 
of all these species have been sown with alfalfa seed in New York 
and plants of all of them may exist here. Our field observations 
have not been sufficiently numerous to enable us to make a positive 
statement on this point. The problem is somewhat difficult owing 
to the fact that, in this State dodder in alfalfa fields flowers spar- 
ingly, and without either the flowers or seeds it is impossible to de- 
termine the species with accuracy. All of the flowering specimens 
examined by us have proven to be Cuscuta epithymum Murr. It 
is likely that this species is by far the most common one in New 
York alfalfa fields. It is also of frequent occurrence in clover 
fields here. 

The color of dodder threads varies from yellow to red. On cer- 
tain alfalfa plants or on certain spots all of the dodder threads may 
be yellow while on other plants or other spots they are all decid- 
edly reddish. These differences in color are so marked, some- 
times, as to suggest the idea that yellow-threaded dodder and red- 
threaded dodder may be two different species, but the writers have 
been unable to convince themselves that such is the case. Specimens 
with only yellow threads and others with only reddish threads have 
all shown themselves to be Cuscuta epithymum when they have 
produced flowers. 

The dodders which attack alfalfa are atahis of- thriving, for a 
time at least, on some other plants; but New York farmers need 
have no fear of serious trouble with dodder in any crops excepting 
alfalfa and clover. It is a common thing for alfalfa dodder to twine 
around such weeds as occur on the infested spots, particularly ox- 
eye daisy (Chrysanthemum leucanthenum L.), dandelion (Taraxa- 
cum ofticinale Weber), and fleabane (Erigeron annuus (L.) Pers.). 
By means of its haustoria the dodder fastens onto these weeds quite 
as firmly as on alfalfa. On dandelion and fleabane it frequently 
lives over winter. Yet it appears to do the weeds no serious harm 
and infests them only when they are mixed with alfalfa or clover. 


DODDER SEEDLINGS. 


The following statements about seedlings are based upon obser- 
vations made by the writers on seedlings of Cuscuta epithymum 
grown in the Station greenhouse. 

Alfalfa seeds and dodder seeds sown together in boxes of earth 
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germinate at about the same time. Apparently, conditions favor- 
able to the germination and growth of alfalfa are also favorable to 
dodder. The dodder seedlings are slender, unbranched threads, 
yellowish toward the tip and lighter colored below. (See Plate 
XVIII.) At first they stand upright, attaining a height of about 
an inch. Frequently, the tip is bent over to one side. If the dod- 
der seedling comes in contact with an alfalfa seedling it twines 
around it and fastens onto it by means of haustoria. Then the 
lower portion of the seedling withers and connection with the soil 
is severed. (See Plate XVIII, fig. 2.) Unless the seedling comes 
in contact with some congenial host plant it lives only a few days. 
It soon becomes decumbent then commences to wither in the lower 
portion. Almost invariably seedlings become brown and shriveled 
at the surface of the soil while their tips are yet turgid and of 
normal yellow color. Dodder seedlings have no roots. Ten seed- 
lings which had reached the limit of their growth and commenced 
to wither gave the following measurements respectively: 16, 17, 
20, 20, 20, 20.5, 20.5, 22.5, 25 and 25 millimeters. On another occa- 
sion a seedling was found which measured 31 mm. in length. The 
writers have observed nothing indicating that dodder seedlings are 
attracted by alfalfa. It seems that contact is brought about purely 
by accident. In the field, the beating of the rain is probably one 
of the most important factors in bringing the dodder seedlings into 
contact with the host plant. As soon as the dodder has established 
itself on the alfalfa plant and begins to draw nourishment from 
it, the dodder threads become much larger in diameter and increase 
in length rapidly. The plant attacked soon stops growing and then 
gradually dies. 
PROPAGATION AND DISSEMINATION. 


Where alfalfa seed is grown, dodder produces seeds which, in 
threshing, became mingled with the alfalfa seed. Through the use 
of such alfalfa seed dodder is disseminated far and wide. It is in 
this way, mainly, that New York alfalfa fields become infested with 
dodder. Impure seed is at the bottom of nearly all of the trouble. 
The original dodder spots increase in size from year to year and 
new spots appear occasionally, but dodder does not spread rapidly 
like most weeds. It may exist for years in one corner of a field 
without showing in other parts of it and it rarely spreads to neigh- 
boring fields. 

One reason why dodder does not spread more rapidly is that :t 
does not commonly produce seed here. In many infested fields no 
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flowers can be found at any time during the season. In others, 
flowers may be abundant on certain spots and absent from others. 
Besides, many of the flowers fail to produce seeds. Why this is 
so we do not know. It can not be attributed to the frequent 
mowing of the alfalfa, because Cuscuta epithymum, at least, may 
produce flowers and seeds low down on the plants below the 
reach of the mower. On two alfalfa plants in the Station green- 
house Cuscuta epithymum was permitted to have its own way for 
over three months. It throve, producing threads three feet in 
length (see Plate XX, fig. 1), and finally killed the plants, yet it 
produced no flowers. 

When dodder produces seed it seems as if it must be spread by 
the operations of mowing, tedding and raking; also, in manure 
made from animals fed on the hay. This would be most likely 
to happen in the third cutting. Hay from the first cutting is not 
likely to contain dodder seed because it is made about three weeks 
before the dodder commences to bloom. Usually, the first flowers 
of Cuscuta epithymum appear about July 15. The second cutting, - 
made about August I, may contain some dodder seed. 

While it seems reasonable to suppose that dodder may be intro- 
duced into an established alfalfa field by top dressing it with manure 
containing dodder seed no instance of the kind has come under 
our observation. In considering this problem it occurred to the 
writers that delicate dodder seedlings may find difficulty in estab- 
lishing themselves upon old alfalfa plants. Hence, the following 
experiment was made: Early in the spring of 1906 two spots in a 
two-year old alfalfa field were carefully marked so that they might 
be readily located at any time. On each spot over an area about 
two feet in diameter 100 dodder seeds were sown on each of three 
different occasions: First, on April 18 just as the alfalfa plants 
were commencing growth; second, on May 5 after a heavy shower ; 
third, on July 9 when the second crop of alfalfa was about a foot 
high. The seed used in the first sowing was a mixed lot taken from 
several different samples of alfalfa seed and consisted partly of 
C. epithymum and partly of C. arvensis (?); that used in the sec- 
ond sowing was all from one lot of alfalfa seed (different from 
those previously used) and all C. epithymum; while that used in 
the third sowing was taken from ten different lots of alfalfa seed 
and contained both C. epithymum and C. arvensis (?). Through- 
out the forepart of the season there was an abundance of rain and 
so far as could be determined there were no unusual conditions 
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which might interfere with the growth of dodder. Yet no dodder 
appeared on either of the spots although they were kept under ob- 
servation for two years. Nothing is known as to the viability of 
the dodder seed used, but it is scarcely possible that all of the seeds 
were incapable of germination. 

Mr. F. E. Dawley, Fayetteville, N. Y., informs us that in a simi- 
lar experiment made by him strikingly different results were ob- 
tained. Mr. Dawley sowed 27 dodder seeds in an old alfalfa 
field where there had been no dodder previously and 27 spots of 
dodder resulted. 

It is probable that under favorable conditions dodder may be 
spread by the mower even when no seeds are formed. Sometimes 
during a spell of rainy weather the newly-mown hay keeps fresh 
for several days and the dodder on it not only remains alive but 
continues its growth and is capable of attaching itself to living al- 
falfa stems with which it may come in contact. Owing to their 
tangled condition bunches of dodder-infested hay are often draggea 
short distances by the mower. Should it happen that such bunches 

are dropped upon plants which, in some manner, have been missed 
_ by the mower, the dodder finds its opportunity. It is also possible 
that the dodder may be kept alive until new growth starts. Ina 
wet time alfalfa starts up very quickly after mowing. 

That it is possible for dodder-infested hay to bring about in- 
fection in the open field is shown by the following experiment: On 
July 10, 1906, two handfuls of dodder-infested hay each contain- 
ing about a dozen stalks were placed among alfalfa plants 12 to 
14 inches high. The dodder had not commenced to bloom and 
there were certainly no seeds. The plants and ground were wet 
at the beginning of the experiment, but subsequent weather condi- 
tions were not recorded. The first observations on the experiment 
were made July 26, three days after the field had been mown. Al- 
though the hay had been removed the stubble showed, unmistakably, 
that infection had occurred in both spots. In one of the spots three 
plant were so much affected that the dodder was visible at a dis- 
tance of 20 feet. In the other spot, dodder was firmly es- 
tablished on two plants. Subsequently, two other experiments of 
this kind were made. In one of these the dodder-infested hay was 
placed on the bare stubble of a newly-mown field; in the other, 
among a new growth of alfalfa two to four inches high. The 
weather being dry the dodder failed to establish itself in both 
cases. 





PLATE XVIII.— SEEDLINGS oF DOoDDER AND ALFALFA, 


I, left, dodder seedling; right, alfalfa, seedling; 2, same seedling, three days later; 
dodder attached to alfalfa, lower portion withering; 3, left, three dodder seed- 
lings; right, dodder seedlings attaching themselves to alfalfa seedlings; 4, dodder 
attacking alfalfa seedling. 

(All natural size.) 











PLATE XIX.— UNver SurFAcE oF CROwN or YELLOW TreEFort (Medicago lupulina) 
INFESTED WITH DODDER WHICH HAS SURVIVED THE WINTER IN THREAD FORM. 


(Cut and photographed Apr. 16, 1906. Natural sfze.) 
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The ability of dodder to continue growth as long as the alfalfa 
remains fresh is easily demonstrated by cutting off infested alfalfa 
stems and placing them in a moist chamber. In an experiment of 
this kind made by the writers dodder retained its color and tur- 
gidity on cut stems six days during which time the length of the 
threads increased about one inch. The writers have frequently in- 
fected alfalfa plants by placing dodder-infested alfalfa crowns and 
stems in contact with them in a moist chamber. 

Dodder may be propogated also by cuttings; that is, short pieces 
of the dodder threads placed in contact with alfalfa plants will at- 
tach themselves after the manner of seedlings. This was demon- 
strated in 1880 by Koch* and more recently by Pierce* and 
others; also, by the writers who made the following experiment: 
Five tip-end pieces of dodder threads, four inches in length, were 
placed among the branches of a ten-inch high alfalfa plant in a 
moist chamber. In 17 days the plant was thoroughly infested with 
dodder several threads of which were a foot long. 

Although the spread of dodder is not rapid it is by no means con- 
fined to the enlargement of the original spots. New spots are 
formed from time to time. Usually, the new spots appear in the 
near vicinity of the old ones. In a dodder-infested alfalfa field 
near Syracuse, examined by the writers in the spring of 1906, 
some of the large spots were surrounded by smaller ones which 
were plainly the result of secondary infection. One large spot 
about 15 feet in diameter was surrounded by 11 small spots two 
or three feet in diameter. The most distant of these was 20 feet 
away while four were so near that they almost touched the margin 
of the parent spot. Whether the small spots originated from seed 
or from infested hay carried by the mower could not be determined. 

The method by which dodder survives the winter is so important 
a matter that it will be discussed under a separate heading. 


PERPETUATION OF DODDER FROM ONE YEAR TO THE NEXT. 


In almost all botanical writings the numerous species of Cus- 
cuta are all classed as annuals. It seems to be the prevailing opin- 
ion that none of the dodders survive the winter in the thread form 
and that, in order to perpetuate themselves, they must start anew 
every year from seeds. Yet, so long ago as 1868, Dr. Julius Kuhn* 


~ Koch (55). 
= Peirce. (77). 
“Kithn (57). 
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made the announcement, based on his own observations, that clover 
dodder, Cuscuta trifola (==C. epithymum) lives over winter 
on clover and alfalfa plants in Germany. Also, Sorauer,* in the 
second edition of his well-known Handbuch der Pflanzenkrank- 
heiten, published in 1886, states that clover dodder is not annual 
but perennial and that on perennial plants it perpetuates itself more 
often by the further growth of the previous year’s dodder plants 
than by the germination of new seeds. On the other hand, Frank*® 
ten years later, makes an equally positive statement that the dodders 
are all annual plants which start anew every year from their seeds. 
Kerner and Oliver (in 1895) say that the European species of Cus- 
cuta are all annuals, but in the tropics there are perennial species. 
In 1900 Kiuhn* published another article on dodder in which he 
characterizes the supposed annual habit of clover dodder as one of 
those errors which, even in the realm of science, are sometimes held 
to with remarkable tenacity. After citing his observations made in 
1868 he states that he has since confirmed them in various years, 
even in those having the hardest winters. 

With the exception of a note*®* by the senior author, we know 
of no published record of any dodder living over winter in the 
United States. Hillman,* in a recent bulletin which may be ac- 
cepted as presenting the most advanced ideas on dodder in its re- 
lation to clover and alfalfa in this country says: “It 1s an un- 
settled question whether dodder plants in the field ever live over 
winter. It appears that very few, if any, survive.” 

Such being the present status of the knowledge of this subject 
it is noteworthy that, in New York, Cuscuta epithymum, at least, 
is perennial, regularly living over winter on alfalfa, red clover and 
certain weeds. This statement is based on observations made in 
five alfalfa fields as follows: 

Field No. 1.—This was a 4-acre field located near Geneva. It 
was sown in the spring of 1905 and became so badly infested with 
dodder during the first summer that it was deemed advisable to 
plow it up. The dodder was not seen to flower, but an examina- 
tion of some of the left-over alfalfa seed showed the dodder in it 


*Sorauer (97, 2:48). In a footnote, Wiener landw. Zeit. 1880, p. 377, 
is cited. 

stank (320. G2 52s). “Kerner and Oliver (53, 1:175). 

“Kuhn (58). 

“" Rept. Dir. (N. Y.) Farm. Inst. and Norm. Inst. 1906: 66. 

“ Hillman (46, p. 20). 
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to be Cuscuta epithymum. The soil was sandy loam and the field 
sloped gently toward the east. The first examination was made 
April 16, 1906. Even at that time the circular bare areas marking 
the location of the dodder spots of the previous year were easily 
found. Naturally, attention was first directed to the plants around 
the margins of the spots.°° ‘The very first plant dug up showed live 
dodder! Further search revealed several more specimens of live 
dodder. In one case, a crown of yellow trefoil (Medicago lupulina 
L.) was covered on the under surface with a dense mat of live 
dodder threads. (See Plate XIX.) For the most part, the hiber- 
nating dodder appeared in the form of turfs of short, stout, yellow 
threads, one-fourth to one-half inch long, attached to the bases of 
the branches close down to the ground around the crown of the 
plant and especially on the undersides of branches lying close to the 
eround. (See Plate XX, figs. 2 and 3.) Yellow, haustoria-bearing 
threads tightly coiled around the very lowest parts of the stems 
were also common, but in no case has the dodder been observed on 
the root proper. 

In a more thorough examination made April 21 live dodder was 
found to be plentiful in all parts of the field. 

Field No. 2.— This field was located near Geneva. The soil was 
heavy clay. It was sown in the spring of 1904. There being only 
a few dodder spots the field has been allowed to stand. In the 
spring of 1906 live dodder was found to occur only sparingly, the 
dates of observation being April 17 and May 4. It was found on 
alfalfa, yellow trefoil and red clover. In the spring of 1907 live 
dodder was more plentiful. An examination made January 4, dur- 
ing a thaw, showed the dodder alive and apparently in good condi- 
tion. On some of the infested spots it could be plainly seen without 
stooping down. On March 18, two or three days after the snow 
had disappeared, live dodder was still abundant; also on March 28. 
Several other observations (dates unrecorded) were made during 
April and May of this year and an abundance of live dodder found 
every time. December 10, 1907, live dodder was found on dande- 
lion leaves. Further observations made during the spring of 1908 
showed that dodder had again wintered well. The dates of observa- 


In searching for live dodder in early spring it is necessary to cut off the 
alfalfa plants below the surface of the soil so that the the parts lying next the 
ground may be examined. To do this with a knife is slow, disagreeable 
work. The proper tool for the purpose is a short-handled, heavy hoe or 
light grub-hoe. 
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tion were February 15, March 25, and April 10. ,Live dodder was 
found each time. Some dodder-infested weeds transplanted from 
the field to the greenhouse on April 10 proved to be daisy fleabane 
(Erigeron annuus). The dodder in this field was Cuscuta epithy- 
mum as determined from flowering specimens. 

Field No. 3.— This field, also near Geneva, was one year old. 
The soil was sandy loam and the exposure a northerly one. April 
20, 1900, live dodder was found here in abundance on alfalfa, yel- 
low trefoil and red clover. 

Field No, 4.— This field was located near Syracuse on clay loam 
with a south exposure. It was two years old and contained numer- 
ous large dodder spots. On April 24, 1906, three specimens of live 
codder were found. When another examination was made May 7 
several additional specimens were found, but it was evident that 
most of the dodder in this field had winterkilled. Three of the 
mest vigorous dodder specimens found here were on some weed. 
In order to learn the name of the weed one specimen was trans- 
planted into the Station greenhouse. When it bloomed it was de- 
termined as Erigeron annuus (daisy fleabane). Subsequently, this 
determination was verified by Prof. W. W. Rowlee who states that 
his observations on this species lead him to believe that itis a 
biennial in this latitude. 

Flowering specimens obtained from Field No. 4 showed the dod- 
der to be Cuscuta epithymum. 

Field No. 5.— This field was located at Bergen. It was sown in 
the spring of 1904. During 1905 two crops of hay were cut and 
then cattle were turned on to kill out the dodder, if possible, by 
close pasturing. Although the field was in an exposed situation and 
went into the winter close-cropped it was an easy matter to find live 
dodder in it the following spring (April 30, 1906). Flowering 
specimens of Cuscuta epithymum were taken from this field in 
August. 

While in all of the above observations the appearance of the dod- 
der was such that there seemed no reason to doubt that it was really 
alive and capable of further growth it was thought best to place the 
matter beyond all doubt by forcing the hibernating threads into 
growth. This was accomplished several times by placing the dod- 
der-infested crowns in a moist chamber for a few days. Given 
warmth and moisture the dodder threads began to lengthen 
promptly. In six such experiments the dodder-infested crowns 
were placed in contact with thrifty young alfalfa plants growing in 
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pots in a moist inoculation chamber in the Station greenhouse. In 
every case the dodder grew out promptly, established itself on the 
new plants and there made a profuse growth. 

Our observations cover only three springs: viz.: Those of 1906, 
1907 and 1908. But Mr. F. E. Dawley of Fayetteville, N. Y., as- 
sures us that he observed live dodded early in the spring of 1903, 
1904, 1905 and 1906 before there had been time for it to come from 
seed. For several years Mr. Dawley has been a close observer of 
alfalfa and dodder and knows whereof he speaks. Even before 
learning of our observations he expressed the opinion (in conversa- 
tion) that dodder lives over winter. 

Owing to their more spreading habit, the crowns of yellow trefoil 
and red clover form a better wintering place for dodder than do 
alfalfa crowns. Daisy fleabane, also, seems to be a favorite winter 
host for dodder. 

Undoubtedly, dodder lives over winter in New York alfalfa fields 
on alfalfa, yellow trefoil, red clover, dandelion and daisy fleabane. 
This is not accidental or occasional, but of common occurrence. In 
the writers’ opinion it is the chief method by which dodder is car- 
ried over from one year to the next in New York alfalfa fields. It 
is likely that the seed, also, is an important factor, sometimes, but, 
as has already been pointed out, dodder usually fails to produce seed 
in New York. 

Although it may be found alive at any time during the spring, 
dodder does not commence to grow vigorously until the latter part 
of May. When dodder is in active growth free threads 12 to 16 
inches in length may be found running along on the surface of the 
soil until they come in contact with alfalfa or other stems about 
which they may twine. Cuscuta epithymum grown on potted alfalfa 
plants in the Station greenhouse has produced threads over three 
feet in length. (See Plate XX, fig. 1.) The threads are freely 
branched, clusters of one to four branches (always of unequal 
length) appearing in the axils of the scales. 


METHODS OF ERADICATION. 


By giving careful attention to the purity of all alfalfa and clover 
seed used on the farm, trouble with dodder is avoided, almost en- 
tirely ; but where such precautions are not taken the pest is liable to 
be introduced and cause so much damage that something must be 
done to get rid of it. 

Badly infested fields should be plowed up. Oftentimes it.is diffi- 
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cult to determine whether it is best to plow up the field or to kill 
out the dodder by some other method. In reaching a decision in 
such cases it should be taken into consideration: That the eradica- 
tion of dodder is difficult; that the successful reseeding of infested 
spots is difficult; and that an alfalfa field when once established 
should last many years. When there are only a few dodder spots 
. scattered through the field they may be given local treatment and the 
plowing up of the field avoided. A dodder-infested field which has 
been plowed up may be planted afterward with any of the common 
farm crops, excepting, perhaps, alfalfa and clover, without any dan- 
ger of the reappearance of dodder. Dodder is readily subdued by 
plowing. How much danger there is in reseeding with alfalfa or 
with clover is uncertain. This subject is discussed more fully on a 
subsequent page. Much has been written about the eradication ot 
dodder, particularly in Germany, and numerous methods have been 
recommended :*!(1) The application of various chemicals, some in 
the form of spray to kill the dodder without destroying the alfalfa, 
others to kill both the parasite and its host. In the former method, 
the substances most frequently used are copper sulphate and iron 
sulphate; in the latter, sulphuric acid and common salt. (2) 
Smothering. Some advise covering the infested spots deeply with 
coarse manure to kill both dodder and alfalfa; others recommend 
light coverings of manure, finely cut straw, gypsum, etc., which are 
expected to smother the dodder while the alfalfa breaks through 
and continues its growth. (3) Close pasturing with sheep or cattle. 
(4) Close mowing. (5) Digging over the infested spots. (6) 
Burning over infested spots. 

Several of the above methods have been tried in alfalfa fields in 
this State with varying degrees of success. As yet, New York 
farmers have had too little experience with dodder to have any es- 
tablished methods of treating it. Our observations and experiments 
convince us that under New York conditions, the only really prac- 
ticable methods are those in which both the parasite and its host are 
killed. Attempts to preserve the life of infested plants invariably 
result in the escape of some of the dodder which necessitates re- 
peating the treatment again and again. This is the trouble with 
spraying. It is impossible to reach all of the dodder with the spray. 
Recommendations for close pasturing and close mowing are based 
on the false assumption that dodder may be eradicated by preventing 


“For the eradication of dodder see Sorauer (97, 2:47); Kthn (58); 
Kiessling (54); Hillman (46); Dawley (21). 
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it from seeding. Close pasturing is not only ineffective, but it en- 
dangers the life of the alfalfa. The spread of dodder is certainly 
hindered by frequent mowing, but it can not be eradicated or even 
kept under control by mowing. Heavy mulching with coarse 
manure will kill out dodder, but the piles of manure are in the way 
oi the mower and hay rake. 

Digging over the infested spots is effective but laborious and, ia 
stony soil, utterly impracticable. Alfalfa plants have large tap- 
roots which make them very difficult to dig up with a spade. It is 
necessary first to cut off the plants below the crown and to dig up 
the soil afterward. For cutting off the crowns a sharp spade may 
be used, but a light, broad-bitted grub-hoe is much better. Stones 
in the soil dull the tool quickly. The dodder-infested crowns must 
be removed from the field. 

Burning over the infested spots is an excellent method if the work 
is done thoroughly enough to kill every infested plant. This is 
readily accomplished by using kerosene in combination with dry hay 
or straw as follows: First, mow the infested spots closely, includ- 
ing a strip of generous width all around the margin. When the hay 
has become thoroughly dry rake it into a pile in the center of the 
spot and sprinkle the stubble with kerosene by means of a common 
garden sprinkler. The application of kerosene should be especially 
thorough around the margin of the spot —it does not matter so 
much about the central portion. Next, spread the hay evenly over 
the whole area. On top of this spread additional dry hay or straw 
from another source. The quantity of hay and weeds growing on 
infested spots is rarely sufficient for a thorough job of burning even 
with the addition of a generous quantity of kerosene. Especially is 
this true when the work is done during the first week in May which 
is the proper time for it. When the hay is in position it should be 
fired simultaneously at three or four different points on the wind- 
ward side. If possible, the burning should be done when there is 
little wind in order to insure more complete combustion and to avoid 
severe scorching of the surrounding alfalfa. The burning may be 
done with hay alone, but it is necessary to use a large quantity in 
order to insure thorough work. The kerosene draws the fire down 
to the ground close around the crowns of the plants where it is 
most needed. 

Whichever method is employed (burning or digging) the best 
time to do the work for the first time is during the first week in 
May. The dodder spots are then more easily located and their 
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boundaries more sharply defined than at any other time. The 
alfalfa will then stand four to eight inches high while the weeds on 
the interior of the spot have scarcely started. Moreover, at this 
time, the live dodder is closely confined to a few plants and there are 
no long threads so that the danger of leaving some of the dodder 
undestroyed is not as great as it is later in the season. Of course 
some unnecessary work may be done on spots already extinct since 
it is difficult to distinguish active from extinct spots so early in the 
season; but this is probably offset by the increased size of the spots 
later in the season. Dodder spots escaping the first treatment 
should be destroyed whenever discovered. At each mowing a care- 
ful lookout should be kept for new spots. If any are discovered 
they should be marked so that they may be found again and de- 
stroyed after the hay is removed. To the inexperienced it may ap- 
pear that the ideal time to treat dodder in just after haying. How- 
ever, such is not the case. ‘The infested spots are then very difficult 
to locate. 

Both in burning out and in digging out dodder it is necessary to 
sacrifice a strip of alfalfa two to three feet wide all around the mar- 
gin of the spot in order to make sure that none of the dodder es- 
capes. If the spot is sharply outlined a strip two feet wide is likely 
to he sufficient; but where the margin of the spot is indefinite it is 
advisable to include a wider strip. 

lf it is desired to reseed the infested spots the digging out method 
is preferable to any other, provided the soil is not stony, since the 
spots must be dug up anyway before they can be reseeded. How- 
ever, we doubt the advisability of reseeding. In experiments made 
by the writers the reseeding of infested spots has been only partially 
successful. The principal difficulty is with weeds. The soil of in- 
fested spots is sure to be full of weed seeds, particularly those of 
green and yellow fox-tail grasses. Besides, if the dodder ripened 
seed there is danger that the alfalfa seedlings may become affected 
and thus foil the attempt at eradication. 


RESEEDING INFESTED FIELDS. 


When it becomes necessary to plow up dodder-infested alfalfa 
fields there frequently arises the question as to how soon the field 
may be safely reseeded with alfalfa. Before this question can be 
answered satisfactorily it must be known whether the dodder pro- 
duced seed. If the dodder ripened seeds there may be danger of 
the appearance of dodder in the new seeding. Exactly how long 
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dodder seeds may retain their viability when buried in the soil is not 
known, but it is believed to be several years. Hence, if the dodder 
is known to have produced seed the land should be planted witn 
other crops for one or two years, at least, before it is reseeded with 
zifalfa. On the other hand, if the dodder did not seed it is entirety 
safe to reseed with alfalfa at once. Asa rule, dodder does not seed 
in New York so that the risk in reseeding infested fields is probably 
not great. 

The writers have tested this in five different fields of one-fourth 
acre each. One of these fields, located at Fayetteville, was two 
years old when plowed up because of dodder. It was then planted 
with tomatoes for two seasons. In the spring of 1906 it was re- 
seeded with alfalfa seed known to be free from dodder. No trace 
of dodder was found in the new seeding which was kept under ob- 
servation for two years. Another field, near Geneva, ruined by 
dodder in 1905 during the first season after sowing, was plowed up 
in the spring of 1906 and reseeded in May with dodder-free seed. 
No dodder appeared up to the close of 1908. A one-year old dod- 
der-infested field at Oakfield was plowed up in the spring of 1906 
and at once reseeded. No dodder appeared during the time the 
field was under observation, viz., one year. A fourth field, located 
near Canandaigua, was ruined by dodder during the first season. 
In the spring of 1907 it was plowed up and reseeded and has re- 
mained free from dodder up to date (October, 1908). The fifth 
field was located at Caywood. It was first seeded in the spring of 
1905. Dodder became very abundant the same season, but the field 
was allowed to stand until about June 20, 1906, when it was plowed 
up and planted to beans. The following spring it was reseeded 
with alfalfa. The writers did not see this field during the autumn 
of 1907, but the owner informs us that no dodder appeared in it. 
An interesting feature of this field is the appearance of one colony 
of dodder among the beans. Perhaps this came from seed, but 
there is another way in which it may have originated. Many alfalfa 
plants survived the plowing in 1906. They came up thickly among 
the beans. It is quite possible that some of these plants harbored 
the dodder until after the beans were large enough to receive it. 


YELLOW TREFOIL. 


Owing to the occasional adulteration of alfalfa seed with the seed 
of yellow trefoil (see page 188) this plant has recently come inta 
considerable prominence in New York. The name yellow trefoil 
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properly belongs to the plant known to botanists as Medicago lupu- 
lina L., but sometimes it has been applied to other plants. Yellow 
trefoil so closely resembles alfalfa as to be easily mistaken for it. 
The most striking difference is in the color of the blossoms, yellow 
irefoil having yellow blossoms while those of alfalfa are bluish or 
purple. When adulterated seed has been used the fraud is not 
detected, usually, until the plants bloom, which is in June of the 
second season after sowing. Yellow trefoil blooms from a week to 
ten days earlier than alfalfa. 

In botanical works Medicago lupulina is sometimes toeecane as 
annual and sometimes as “annual or biennial.” Our observations 
convince us that in New York alfalfa fields it is regularly a biennial 
as announced elsewhere by one of the writers.°? June 4, 1906, the 
writers sowed a tenth-acre plat with alfalfa seed which was heavily 
adulterated with yellow trefoil and two kinds of bur clover (Medi- 
cago hispida and M. arabica). During September of the same year 
some of the trefoil plants blossomed and produced seed, but the 
great majority first began to bloom in the spring of 1907. Some 
blossoms appeared the last week in May and from June 1 on to the 
time of making the first cutting (June 28), the field was yellow with 
bloom. No trefoil appeared in the second or third cutting. Many 
farmers have hal similar experience —the trefoil becomes con- 
spicuous during the forepart of June in the second season after 
sowing and after the first cutting disappears from the field almost 
completely. Even when infested fields are plowed up and reseeded 
the yellow trefoil does not reappear to any great extent. In the 
experiment described above the plants of Medicago hispida flowered 
and produced seed-pods in abundance during the autumn of 1906, 
but Medicago arabica did not bloom and both species were com- 
pletely killed by the winter. 

That plants of yellow trefoil live over winter in alfalfa fields, and 
also in lawns, is further proven by the following experiment: On 
March 29, 1907, nine plants suspected of being Medicago lupulina 
were transplanted into the Station greenhouse. Six of the plants 
were taken from a one-year-old alfalfa field and the other three 
from a well-kept lawn of several years standing. In due course of 
time all nine plants bloomed showing themselves to be yellow trefoil 
as suspected. 


*U. S. Dept. Agr. Farmers’ Bul. 102:33; La. Sta. Bul. 53:40; Mass. Sta. 
Rpt. to (1892): I90. 
"French (33). 

















PLATE eX.4.— DoDDER ON ALFALFA. 


I, Dodder growing on potted alfalfa plant in greenhouse; some threads over three 
feet long. 2, Alfalfa branch bearing dodder threads which have survived the win- 
ter; cut April 21, 1906. 3, Dodder wintering on alfalfa crown; dug in March, 
1908. 


(I, One-sixth naturalsize; others natural size.) 








PLATE XXJ.— ALFALFA SEEDLINGS IN VARIOUS STAGES OF GROWTH. 


Age from time seed was sown: 1, 9 days; 2, 16 days; 3, 23 days; 4, 31 days; 5, 42 
days; 6, 72 days. 


(All natural size.) 
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PLATE XXII.— SEEDLINGS oF YELLOW TREFOIL IN VARIOUS STAGES OF GROWTH. 


Age from time seed was sown: 1, 16 days; 2, 28 days; 3, 31 days; 4, 42 days; 
5, 53 days; 6, 72 Days. 


(All natural size.) 
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PiLaTtE XXIII.— Roor Systems or ALFALFA AND YELLOW TREFOIL COMPARED, 


1, Yellow trefoil root; 2, alfalfa root. Plants of same age—ten months. 


(Dug and photographed March 29, 1907. Natural size.) 
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Up to the time of blooming, yellow trefoil and alfalfa are so much 
alike in appearance that they are separated with difficulty except by 
one who is well acquainted with them. This is especially true in 
the earlier stages of growth. ‘The seedlings of the two species are 
strikingly alike. (Compare Plates XXI and XXII.) The writers 
have sought in vain for morphological or anatomical differences by 
means of which one unfamiliar with the plants might distinguish 
one from the other with certainty. Yellow trefoil plants vary 
greatly in habit according to their environment. In lawns they 
spread their branches close to the ground, and blossom and seed in 
spite of frequent close mowing. Among clover and alfalfa they 
grow more upright and may attain a height of over two feet. But, 
in general, yellow trefoil is smaller than alfalfa, more spreading in 
habit and the leaflets are broader in proportion to their length. The 
most reliable characters by which the two species may be separated 
in early spring are (1) The habit of growth of the crown; and 
(2) the character of the root system. ‘The stems of yellow trefoil 
being procumbent, the crown has a spreading habit and lies close to 
the ground; while the crown of alfalfa is upright in habit. The 
root systems offer a more striking contrast. Alfalfa has a large 
tap-root with very few side roots; while yellow trefoil has a small 
tap-root which is nearly concealed in a mass of fibrous side roots. 
(see Plate XXITI.) 

Yellow trefoil is not a troublesome weed. No special methods 
are required for its eradication. It readily succumbs to tillage. 
Nevertheless, its substitution for alfalfa is objectionable because, 
as a fodder plant, it is greatly inferior to alfalfa. It makes but a 
small amount of hay and dies after the first cutting of the second 
season, whereas alfalfa is perennial. 

In parts of Europe yellow trefoil is sometimes sown for sheep 
pasture, but in America it is not considered worthy of cultivation. 
Although it grows spontaneously in meadows, pastures and lawns 
and along roadsides throughout the greater part of New York it is 
rarely found in quantity except where adulterated alfalfa or clover 
seed has been used. The yellow trefoil seed imported into the United 
States from Europe is practically all used for the adulteration of 
alfalfa and clover seed.®4 


* Brown (9). 
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WEEDS. 


All writers on alfalfa culture agree that weeds are one of the 
chief hindrances in starting alfalfa. This applies in New York quite 
as much as it does elsewhere. Many of the failures with alfalfa ia 
this State are due to sowing on foul land. Practically all of the 
trouble with weeds comes during the first season. Alfalfa seedlings 
can not successfully compete with weeds; but after the first year the 
alfalfa plants are-able to hold their own against even the most ag- 
gressive weeds. In established fields weeds are rarely troublesome. 
In New York, it is doubtful if weeds ever run out alfalfa after 
the first season. When old alfalfa fields become overrun with weeds 
and grass it is likely that the stand of alfalfa has been thinned by 
heaving and other forms of winter injury, not by the competition of 
the weeds. 

The weeds which are most likely to cause trouble in newly-seeded 
alfalfa fields in New York are crab grass (Digitaria sangwinalis), 
ereen foxtail (Setaria viridis), yellow foxtail (Setaria glauca), 
lamb’s quarters (Chenopodium album), pigweed (Amaranthus retro- 
flexus), ragweed (Ambrosia artemisufolia), and barnyard grass 
(Echinochloa crusgalli). Charlock (Brassica arvensis) and quack 
grass (Agropyron repens), also, are troublesome, but occur less 
frequently. It is folly to sow alfalfa on land badly infested with 
quack grass. 

In established fields, narrow-leaved plantain and dandelion are 
very abundant and persist indefinitely. Many alfalfa fields, even 
thickly seeded ones, are yellow with dandelion blossoms about May 
15 and a few days later white with the seed-heads which stand 
above the alfalfa. Wuld carrot and ox-eye daisy, so abundant and 
conspicuous in New York meadows, do not thrive in alfalfa fields 
except on bare spots, e. g., those caused by dodder. Such spots may 
be conspicuously white with ox-eye daisy blossoms at the time of 
the first cutting. Sweet clover maintains itself but two years. Dur- 
ing the latter part of May and forepart of June, in the second 
season after sowing, sweet clover plants growing among alfalfa may 
be readily distinguished by their taller and coarser growth. At the 
time of the June cutting the sweet clover plants stand 12 to 18 inches 
above the alfalfa. Being a biennial and unable to ripen seed, owing 
to the frequent mowing of the alfalfa, the sweet clover disappears 
entirely after the second season. Sweet clover hay is not relished 
by cattle. On rich soil, chickweed (Stellaria media) persists in al- 
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falfa fields. It begins to grow as soon as the snow goes off in spring 
and becomes conspicuous during April as a green carpet covering 
the ground between the alfalfa crowns. It may make sufficient 
growth to add materially to the bulk of hay in the first cutting. 

Curled dock (Rumex crispus L.) is not troublesome in alfalfa 
fields. ‘The following account of an experience with dock at the 
Station brings out prominently two important points in regard to this 
weed: (1) The danger of spreading it in manure; and (2) its in- 
ability to endure in an alfalfa field. In the autumn of 1900 a strip 
of corn stubble on the Station farm was spread with manure made 
from hay purchased of a neighboring farmer. The following spring 
the manure was plowed under and the land seeded with alfalfa. In 
June, 1902, curled dock came up thickly among the alfalfa. A count 
made in an average part of the field showed 209 dock plants per 
square rod. By June 11 the dock had thrown up its flower stalks 
which towered above the alfalfa causing the infested strip to stand 
out prominently in contrast with the adjacent non-infested fields 
of alfalfa on either side (See Plate XXIV). The first cutting was 
made June 12 before the dock had ripened any seeds. This was the 
end of the’dock. At the time of the second cutting, made about 
August 1, not a single dock plant was to be seen. Neither did any 
appear the following season. ‘The history of the land and the char- 
acter of the seed being fully known there can be no doubt that the 
dock came from seeds in the manure. 

The best method of dealing with the weed problem is to free the 
land of weeds as thoroughly as possible before sowing alfalfa. This 
is accomplished in various ways. ‘The crop preceding the alfalfa 
should be one which permits of thorough cultivation as, for example, 
corn or cabbage, and no weeds should be allowed to ripen seed. If 
stable manure is used it should be well rotted and plowed under. 
The use of manure as a top-dressing just before sowing alfalfa is. 
usually objectionable because of the weeds which are introduced 
with it. The land should be plowed in early spring and thoroughly 
fitted. It should then be harrowed at frequent intervals until seed- 
ing time to induce the germination of weed seeds in the surface 
layer of the soil. The time of seeding should be governed some- 
what by the weediness of the land. If the land is reasonably clean, 
June I is a suitable time for seeding; while on weedy land, later 
seeding (about August 1) gives better results. 

When proper cleaning of the land has been neglected so that 
weeds come up thickly and threaten to smother the young alfalfa 
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it should be promptly clipped, but not mown closely. Close mowing 
may ruin young alfalfa. The mower cutting bar should be run at 
least four inches above the ground. This is the treatment usually 
recommended for weeds. It is widely practiced in New York. The 
treatment of charlock by spraying with a solution of copper sul- 
phate, so successfully used in oat fields, can not be used in alfalfa 
fields. Alfalfa is injured by the spray. 


FUNGUS’ DISEASES: 
LEAF SPOT.° 
(Pseudopeziza medicagmis (Lib.) Sacc.) 


Leaf spot, also known as rust and blight, is by far the most 1m- 
portant fungus disease affecting alfalfa in New York. In fact, it 
is the only really important fungus disease. It appears in all parts 
of the State where alfalfa 1s grown, on all kinds of soil, in all situa- 
tions and under almost all conditions. Probably, more or less of :t 
may be found in almost any alfalfa field in any season, in dry 
weather as well as in wet. Some severe cases have been observed 
in the midst of an August drought. It may make its appearance 
at any time after about June 1. The lower leaves are the first to 
be attacked. They show numerous small brown spots, turn yellow 
and fall. (See Plate XXV.) In severe attacks so many of the 
leaves fall that the value of the hay is much impaired. 

Fields of all ages and in almost any stage of growth may be at- 
tacked. Newly-seeded fields are sometimes ruined by leaf spot. 
Olver fields may suffer very severely from it but are rarely, per- 
haps never, killed outright. While it may seriously affect the first 
cutting in June, the second and third cuttings are the ones most 
likely to be injured. COverripe plants are especially liable to attack. 
Through extensive dropping of the lower leaves, affected plants pre- 
sent a trimmed-up appearance. The disease may also appear on 
the stems in the form of elliptical black spots I to 3 millimeters in 
length. Usually, but not invariably, leaf spot causes the leaves to 


* Although there are at least three other leaf spot diseases of alfalfa in 
New York it seems best to reserve this name for the common and well- 
known disease caused by Pseudopeziza medicaginis. If it becomes necessary 
to use common names for the unusual diseases caused by Ascochyta, Stago- 
nospora and Cercospora they may be designated as Ascochyta leaf spot, 
Stagonospora leaf spot and Cercospora leaf spot respectively. 





PLATE XXV.— ALFALFA AFFECTED WITH LEar Spot (Pseudopeziza medicaginis). 


Affected leaves fall prematurely leaving the stems bare. 


(Natural size.) 
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turn yellow. Sometimes, even in severe attacks, the leaves show 
scarcely any tendency to become yellow. 

The diseased spots are plainly visible on both sides of the leaf, 
but most conspicuous from the upper surface. In color, they are 
brown or black. Their general shape is circular with the boundary 
irregular and not sharply defined. The size of the spots varies from 
a mere speck to 1.5 or 2 mm. in diameter. They are irregularly dis- 
tributed over the leaf. Many of the spots, even on leaves which 
have lain on the ground several days, show no signs of Pseudopeziza 
apothecia. The fungus is somewhat slow in fruiting. Under a hand 
lens the apothecia first appear as small shiny elevations, amber col- 
ored or nearly black. In this condition they contain asci and para- 
physes, but no ascospores. Soon the shiny elevations crack at the 
summit, the crack gradually widening until the apothecium becomes 
cup-shaped, flat or even elevated at the center, while the edges of 
the ruptured epidermis stand up all around the margin. Ascospores 
may be found at any time after the rupturing of the epidermis, but 
usually not before. They are hyaline, non-septate, elliptical, 8-11 
x 4-6 and there are eight in each ascus arranged in sub-biseriate 
fashion.°® In 1907, mature ascospores were found at Geneva on 
June 7, but they were not yet plentiful. However, the spring of 
1907 was a backward one—about ten days later than usual. It 
seems probable that, at Geneva, the first ascospores mature about 
June 1. After this date they may be found at any time until frost. 

Leaf spot often appears in alfalfa fields on soil which has not 
previously grown alfalfa. When this happens in fields which have 
been strewn with soil from another alfalfa field for the purpose of 
securing inoculation with nodule bacteria the leaf spot infection is 
satisfactorily accounted for, since without doubt spores of the leaf 
fungus may be disseminated with soil. But it is noteworthy that 
the writers have observed severe attacks of leaf spot in fields on 
which no alfalfa soil had been used and where there were no other 
alfalfa fields in the vicinity. In such cases, the infection must come 
either from spores sown with the seed or from host plants of other 
species. Both methods are possible. It is highly probable that the 
disease may be transmitted with the seed. Red clover is attacked 
by Pseudopeziza trifolit (Bernh.) Fckl. which is considered by some 
botanists to be identical with P. medicaginis while others regard it 


*Tilustrations of Pseudopeziza medicaginis on alfalfa are given by Chester 
(14, p. 82); Combs (17); Briosi and Cavara (8, No. 262); and Saccardo 
(Fungi Italici, No. 1390). 
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as a distinct species. Yellow trefoil (Medicago lupulina) is known 
to serve as a host for P. medicaginis although, according to our 
observations, it is a much less congenial host than alfalfa. The 
writers have observed repeatedly that in fields containing both yel- 
low trefoil and alfalfa the trefoil plants are but slightly affected 
with leaf spot even when the alfalfa plants mingled with them are 
badly diseased. 

Notwithstanding the probability that the seed used may be a 
source of infection it is unlikely that leaf spot can be avoided by 
any method of. seed disinfection. Neither is the liability of dis- 
seminating leaf spot a serious objection to the use of alfalfa soil for 
inoculation. Chester’s experiments,°* and also those made by 
Combs,*® indicate that infection through the air is common. Ap- 
parently, alfalfa leaf spot is one of those widespread, easily dis- 
seminated diseases which it is useless to try to prevent completely. 
The only practicable method of control known is the widely-recom- 
mended one of mowing the plants whenever they turn yellow and 
become so badly diseased that their growth is stopped or severely 
checked. Mowing causes the plants to throw up new shoots which 
may outgrow the disease. Newly-seeded fields should not be mown 
closely — only the tops of the plants clipped off as in the control 
of weeds. Close mowing, if followed by a period of dry weather, 
may kill the alfalfa. When the disease makes its appearance shortly 
before the hay crop is ready to harvest and begins to trim up the 
plants it is advisable to mow the field a few days early in order to 
avoid the loss of leaves which may be considerable if cutting is de- 
layed. Once well started, the disease progresses very rapidly after 
the alfalfa begins to bloom. 

WILT. 


(Sclerotinia libertiana Fckl.) 


June 12, 1899, it was observed that in an alfalfa field on the Sta- 
tion farm some of the stalks were wilted and others quite dead 
and dry. The affected stalks were scattered here and there through 
the field. It was plain that death had come to them rather suddenly 
when they were nearly ready to bloom. Upon tracing the wilted 
shoots back to the root (the plants were large and badly lodged) 
there was invariably found somewhere on the stem a dead, brown 
section 3 or 4 inches long which was plainly the seat of the trouble. 


wt Chesteta 14.90.0039) 
* Combs (17). 
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Here, the stem was infested by a fungus having whitish mycelium 
and compact, black sclerotia. (See Plate XXVI, fig. 5.) In one por- 
tion of the field, lower and wetter than the rest, there were small 
areas on which nearly all of the plants were diseased. On some 
of the stems the white mycelium was abundant. No spores of any 
kind were found, but sclerotia were plentiful. The sclerotia were 
but loosely attached to the stems so that in extricating the diseased 
stalks many of the sclerotia would be knocked off. Usually, the 
diseased section of the stem was a foot or more from the root and 
not in contact with the ground. 

The fungus causing the disease was supposed to be the Sclero- 
tinia trifollorum Eriks. given in all the text books on plant diseases 
as the cause of a stem rot of clover®? and which is said to attack 
also alfalfa.° However, Prof. R. E. Smith, to whom specimens of 
the fungus were sent for identification, reported that the sclerotia 
are entirely similar to those of Sclerotinia libertiana and that they 
produce a Peziza form which leaves no doubt that the fungus really 
is S. libertiana.™ 

In 1902 further observations were made on the alfalfa wilt dis- 
ease in the same field. On June 9 of that year only an occasional 
affected stalk could be found; but by June 18, just before the first 
cutting, there were large areas on which over 50 per ct. of the 
stalks were killed by the disease. Where the plants were lodged 
the stems were mostly brown and many of them were brittie. The 
lower leaves were all dead, being frequently fastened together and 
to the diseased stems by the Sclerotinia hyphe. Often the hollow 
stems were filled with mycelium and sometimes they contained also 
sclerotia about the-size and shape of a wheat kernel. (See Plate 
XXVI, fig. 5.) At the time of the second cutting (August 1) the 
field was entirely free from disease. The alfalfa was of the Tur- 
kestan variety. This field was completely killed out by the hard 
winter of 1903-4, but it was immediately reseeded. No diseased 
stalks were found in 1905 and only a few in 1906 and 1907. 

Another small field on the Station farm seeded in the spring of 
1906 showed traces of the wilt disease in 1907. Six stalks badly 


° The occurrence of such a disease of crimson clover in America has 
been recorded by Chester (14, p. 84) and Halsted (N. J. Sta. Rpt. for the 
vear 1897:314). The writers observed a Sclerotinia crown-rot of red clover 
at Phelps, N. Y., in roor. 

® Prillieux (80, 2:419). 

* Smith (96, p. 404). 
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wilted but not quite dead were found on June 6 when the alfalfa 
was Io to 12 inches high. Upon seeking the cause, it was found that 
the wilted shoots were attacked near the surface of the soil by a 
fungus producing a luxuriant cottony white mycelium. Underneath 
the cottony growth of fungus the bark was soft rotten, but the in- 
terior of the stem was not yet discolored. Probably this was an 
early stage of the disease observed in 1899 and 1902. The only im- 
portant difference is in the point of attack being near the root. The 
greater luxuriance of the mycelium and the absence of black scler- 
otia are to be accounted for by the wet weather and the immature 
condition of the fungus. The hyphze resembled those of Scle- 
rotinia, and there were a few light-colored immature sclerotia. On 
June 18, four other stalks similarly affected were found in this 
field and one of them showed a typical black sclerotium. 

At Hicksville, Long Island, June 11, 1907, there were observed 
two dead alfalfa stalks apparently killed by some fungus which had 
attacked the stems just above the surface of the soil, but the only 
fungus in evidence was a species of Botrytis which was fruiting 
profusely. This is the only instance in which we have observed 
Botrytis in association with a wilt disease of alfalfa. 

During 1907 occasional specimens of the wilt disease were ob- 
served in several alfalfa fields in different parts of the State. 

Although apparently capable of causing considerable damage 
when the conditions are favorable, it is unlikely that this disease 
will become a troublesome one. 


ANTHRACNOSE. 


(Colletotrichum trifolit Bain.) 


Colletotrichum trifolu is a recently-described fungus which, ac- 
cording to Bain and Essary, is one of the chief causes of failure 
with clover in Tennessee. All at present known of its relation to 
alfalfa is contained in the writings of the above-mentioned investi- 
gators who state that it occurred rather abundantly on alfalfa in 
Tennessee in 1906 and that J. M. Westgate has observed it doing 
considerable damage to alfalfa in Virginia.” 

We have found this fungus in several alfalfa fields in New York, 
but our study of it has been confined to a four-year-old alfalfa 
field on the Station farm where it first came to our attention August 
22, 1907. The alfalfa was then 8 to 10 inches high after the sec- 


“Bain and zEssary (3)2 (4): 
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ond cutting. Owing to dry weather it had been making a very slow 
growth. Here and there through the field occasional stalks were 
dead or wilting. Sometimes, whole plants were dead. In other 
cases living and dead stalks were found in the same stool. 

In seeking the cause of the trouble our attention was first at- 
tracted by elliptical, sunken spots appearing on some, but not all, 
of the dead stems. In two instances, the top of the stalk was killed 
by a single large spot about two inches below the tip. While some 
of the dead stalks bore several spots there were usually only one 
to three on each stalk and they appeared too small to be responsible 
for the death of the stalks. Besides, similar spots were sometimes 
found in healthy stalks. It was plain that, in the majority of 
cases, the death of the stalks was due to something else than the 
spots. 

The spots were elliptical, sunken, five to six millimeters long, with 
sharply-defined outline; their color was usually gray sprinkled with 
specks of darker color. Under the microscope the dark-colored 
specks proved to be the acervuli of some Melanconiaceous fungus, 
apparently a species of Gloeosporium. The spores were hyaline, non- 
septate, about 12 x 4.5 4, rounded at both ends and frequently 
somewhat narrowed at the middle. However, it was found that on 
the older spots some of the acervuli were supplied with sete, also 
that dead stubs in the crowns of affected plants were thickly covered 
with a dark-colored fungus having similar spores and sete. Speci- 
mens of the fungus were sent to Prof. Bain who identified it as 
his Colletotrichum trifolu. 

Further study of the affected plants revealed the fact that the 
death of the stalks was usually due to a diseased condition of the 
crown which might be very properly designated black crown. Upon 
peeling the bark from the large branches of the crown the woody 
part was found conspicuously blackened below the point of attach- 
ment of the dead stalks. When there were living and dead stalks 
springing from the same crown the wood blackening occurred only 
in the portion bearing the diseased stalks. When all the stalks 
were dead the blackening extended all through the crown and even 
into the upper portion of the tap-root. Microscopic examination 
showed the blackening to be due to the presence of a compact black 
fungus mycelium closely interwoven with the wood fibers. 

Besides Colletoirichum trifolu, the diseased crowns commoniy 
bore two other species of fungi; viz., a Dendrodochium producing 
multitudes of hyaline, non-septate, elliptical, straight or slightly 
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curved spores measuring 5-7 x 3.5-4 4; and a Fusarium with hya- 
line, curved spores usually 3-septate and measuring 35-53 X 5-7 » 
Both species were whitish, but the Dendrodochium was in little 
heaps which often showed a tinge of pink, whereas the Fusarium ~ 
was more diffuse in habit and with a tendency to become bluish 
green.®? Although no inoculation experiments have been made we 
are of the opinion that the Dendrodochium and Fusarium are only 
saprophytes and that Colletotrichum trifolu is the cause of black 
crown. One reason for this opinion is the following observation: 
On September 26, 1907, 14 pieces of blackened woody tissue from 
as many different alfalfa crowns were placed in a moist chamber. 
From each piece the bark had been completely removed exposing 
a clean, smooth surface of blackened wood. At the end of 48 
hours a microscopic examination was made. ‘Twelve of the pieces 
were thickly covered with acervult of Colletotrichum trifolu. Both 
spores and sete were produced in abundance. There was little or 
no superficial mycelium —the Colletotrichum acervuli were seated 
directly on the cut surface of blackened wood covering it almost 
completely. On some of the pieces Dendrodochium and Fusarium 
also developed. 

From our limited observations on this Colletotrichum we should 
say that the greater part of the damage done to alfalfa results from 
its attack on the crown of the plant and that the stem spots are 
1elatively unimportant. We have never seen the leaves affected. The 
bad reputation of this fungus in Tennessee makes it of consider- 
able interest to New York farmers. To what extent it occurs in 
New York clover fields we are unable to say, no investigation of 
clover fields having been made. 


ROOT-ROT AND DAMPING OFF. 
(Rhizoctoma sp. and Pythium de baryanum Hesse.) 


In various parts of Europe there is a destructive root-rot of al- 
falfa caused by Rhizoctonia medicaginis DC. The disease mani- 
fests itself in the form of circular dead spots in the field. The roots 
of affected plants are thickly covered with a violet-colored myce- 
lium. Fortunately, this fungus is rare in America. No record of 
its occurrence in New York is known to us and we have never seen 


* Grown in pure culture on plugs of sugar beet this Fusarium is bluish 
green very much like Penicillium glaucum. On unneutralized alfalfa agar it 
is cream colored. 
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it here although we have been on the lookout for it since 1900. 
There have come to our attention a few cases of mysterious dying 
of alfalfa in circular spots, but we have been unable to definitely 
connect any Rhizoctonia with such trouble. Yet there are indica- 
tions that Rhizoctonia may sometimes be harmful to alfalfa. 

In the spring of 1907 Mr. C. H. Kingsbury, Barnard, N. Y., sent 
to the Station 25 alfalfa crowns taken from a dead spot in his 
alfalfa field. One of these crowns bore several typical Rhizoc- 
tonia sclerotia, but the other 24 showed no sign of Rhizoctonia. 
Pure cultures of the Rhizoctonia were obtained and some inocula- 
tion experiments made on alfalfa seedlings, also on five-months-oid 
alfalfa plants in pots. There were no indications that either the 
seedlings or the older plants were in any way injured although the 
conditions must have been favorable to the growth of the Rhizoc- 
tonia. One of the writers made an examination of the Kingsbury 
field, but the cause of the trouble could not be determined. 

In April, 1907, a box of alfalfa seedlings in the Station green- 
house “ damped off” quite badly. Microscopic examination of the 
affected seedlings showed them to be infested with Rhizoctonia to 
so great an extent and in such manner as to leave little doubt that 
this fungus was responsible for their death. Later it was proven by 
inoculation experiments with pure cultures that the Rhizoctonia act- 
ually is capable of causing damping off of alfalfa seedlings provided 
there is present an abundance of moisture. Older plants, also, were 
killed by artificial inoculation, but only when their crowns were 
kept constantly moist by placing wet moss around them. We have 
never seen alfalfa seedlings in the field damped off by Rhizoctonia, 
but our observations have been too few to warrant the conclusion 
that it does not occur. In a newly-seeded alfalfa field at Halcott- 
ville, N. Y., the seedling plants over large areas were destroyed by 
something not visible to the unaided eye. Unfortunately, there 


“It would be strange indeed if alfalfa is not sometimes attacked by Rhiz- 
octonia which is more or less parasitic on a great variety of plants and is 
very common in New York soils. (See N. Y. Sta. Bul. 186.) In 1900, some 
five-months-old alfalfa plants growing in the greenhouse were inoculated 
with three kind of Rhizoctonia,— from phlox, cabbage and carnation. Al- 
though the conditions were made highly favorable for the growth and 
attack of the Rhizoctonia no injury resulted to the plants treated with phlox 
Rhizoctonia and cabbage Rhizoctonia, but on one of the three plants treated 
with carnation Rhizoctonia four shoots died within a month after inocula- 
tion. Three of the dead shoots appeared to have been killed by the Rhiz- 
octonia while the fourth probably died from another cause. 
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was not an opportunity to make a thorough investigation into the 
cause of the trouble. A few of the dead seedlings which were ex- 
amined microscopically showed traces of Rhizoctonia. 

In a field at Ensenore, N. Y., some alfalfa plants nine inches 
high wilted and died after the manner of plants attacked by Sclero- 
tinia libertiana or Colletotrichum trifolu although neither of these 
fungi was in evidence. ‘There is reason to believe that they were 
killed by Rhizoctonia, with which the roots were thoroughly in- 
fested. 

To what species the above-mentioned Rhizoctoniz belong is not 
known. It can only be stated that the one causing damping off of 
seedlings in the Station greenhouse is different from the one found 
in the Kingsbury field. When grown on potato agar (slightly acid, 
neutral or slightly alkaline) the former produces a conspicuous 
dark-brown discoloration of the medium, whereas the latter dis- 
colors it only slightly. This character may be useful in the identi- 
neation of the damping-off Rhizoctonia. Such discoloration of the 
medium is not common among the species of Rhizoctonia. 

In one instance a box of alfalfa seedlings in the Station green- 
house developed a bad case of damping off due to Pythium de bar- 
yanum Hesse. 

DOWNY MILDEW. 


(Peronospora trifoliorum De By.) 


A few specimens of this fungus were collected on the Station farm 
October 3, 1907. In the forepart of June, 1908, it again occurred 
sparingly in two of the Station alfalfa fields; also, in fields at 
Canandaigua, Potsdam, Earlville and Fayetteville. In Europe, 
Peronospora trifoliorum is a well-known parasite on various species 
of Trifolium, Medicago, Melilotus and some other Papilionacez. 
In America, it appears to be uncommon on alfalfa although speci- 
mens on this host, collected in Colorado, have been distributed in 
Fungi Columbiani, No. 2246, and quite recently it has been re- 
ported from Kansas.” No previous record of its occurrence on 
alfalfa in New York is known to us. It is unlikely to become of 
economic importance. 

The fungus appeared on leaves meee in the upper part of the 
plant, particularly on young leaves at the tips of shoots. Some of 
the leaflets were affected only at the tip, some only on the proximal 
portion and others all over, the affected portion being yellowish, 


“Freeman (32). 
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gray or, occasionally, purple. Frequently, the margins of affected 
leaflets were curled downward. The dichotomously branched 
condiophores occurred on both surfaces of the leaflet, but most 
abundantly on the lower surface. Violet, elliptical or ovate conidia 
were abundant. Round, brown odspores, formed within the tissues 
of the affected leaves, were common in specimens collected in Octo- 
ber and some, also, were found in specimens collected June 5 to Io. 
The dimensions of the conidia and odspores, as determined by the 
writers, are somewhat greater than are usually given for this species. 
The most common size of the conidia was 21 x 28, and of the 
oospores 35 » 1n diameter. 

On some of the leaves collected in October, there was associate:l 
with the Peronospora a Hyphomycetous fungus which may have 
been the Ovularia medicaginis described and illustrated by Briosi 
and Cavara in their Funghi Parassiti, No. 303. 


ASCOCHYTA LEAF SPOT. 


(Ascochyta sp.) 


This is an undescribed disease discovered in alfalfa fields in the 
vicinity of Geneva. It attacks the lower leaves almost exclusively. 
While it may occur on normal green leaves it is most common on 
those which have begun to turn yellow and are about ready to fall. 
In the great majority of cases it appears in the form of V-shaped, 
dead, brown areas, 5 to 12 mm. long, at the tips of the leaflets. Fre- 
quently, the spots are on the margin and semi-circular in shape, 
while in some cases circular, dead, brown spots occur on the interior 
of the leaflet entirely surrounded by healthy tissue. The boundaries 
of the spots are rather indefinite. (See Plate XXVI.) 

Between May 28 and June 12, the period during which most of 
the observations were made, pycnidia well filled with spores were 
to be found on nearly all of the spots. The pycnidia, as seen 
under a hand lens, are light brown, depressed and visible on both 
surfaces of the leaf. They are delicate in structure, 100-150 4 in 
diameter, and ostiolate with a ring of darker brown surrounding the 
ostiolum. When the pycnidia are placed in water the spores escape 
in gelatinous rope-like or wedge-shaped masses. The spores are 
hyaline, mostly non-septate, 2.5-3.5 x 6-12 , straight or slightly 
curved and rounded at the ends. Mingled with the non-septate 
spores, particularly in the more mature pycnidia, are one-septate 
spores which are often narrowed at the middle or slightly constricted 
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at the septum. These septate spores are larger than the others — 
commonly 3.5 x 12-14 4. Frequently, the non-septate spores pre- 
dominate to such an extent that the fungus might readily pass for 
a species of Phyllosticta, but undoubtedly it is properly referable 
to the genus Ascochyta. It may be an undescribed species. ds- 
cochyta medicagims Bres.®® on Medicago lupulina has larger spores 
and pycnidia; so has Ascochyta pisi Lib. which is reported as occur- 
ring on alfalfa in Denmark.®’ Ascochyta medicagims Fuckel,** 
found on living leaves of Medicago sativa and M. falcata in Ger- 
many, is a synonym of Phyllosticta medicagimis (Fckl.) Sacc.® the 
spores of which are described as very small and the pycnidia black. 
It is unlikely to be Ascochyta caulicola Laub.’? which attacks the 
stems and petioles of Melilotus alba. 

When the Ascochyta was first discovered (October, 1907) it was 
thought to be identical with the Diplodina medicaginis Oud. 
previously found on dead alfalfa stems in early spring (see page 
237); but after careful comparison of the two fungi we have 
reached the conclusion that they are distinct. The spores of the 
two species are strikingly alike except in one respect, viz., the spores 
of D. medicaginis are commonly biguttulate while those of the As- 
cochyta are rarely so. The pycnidia of D. medicaginis are some- 
what larger than those of the Ascochyta and black, while those of 
c\scochyta are light brown. ‘So far as observed neither the Diplo- 
dina nor the Ascochyta attack living alfalfa stems. 

There is no reason to believe that the Ascochyta leaf spot will be- 
come a troublesome disease. 


STAGONOSPORA LEAF SPOT. 


(Stagonospora carpathica Bauml. ?) 


While examining one of the Station alfalfa fields June 9, 1908, 
the writers found a leaf spot disease not previously observed. The 
following day the same disease was found in another field near 
Geneva. *In neither case was the disease sufficiently abundant to 
cause appreciable damage, yet affected leaves were so common that 
several hundred specimens were collected in a short time. 

* Bresadola (7). 

“ Rostrup (84), (85). 

* Fuckel (34). 


ww Saccargo. (S014 242). 
“Saccardo. (OG; 185330). 
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Unlike the Ascochyta leaf spot, this disease attacks chiefly green 
leaves in the upper part of the plant. The spots are circular, one 
to three millimeters in diameter and usually light brown with a 
narrow border of dark brown. (See Plate XXVI, fig. 4.) Each spot 
bears several light brown pycnidia visible on both surfaces of the 
leaf. The pycnidia closely resemble those of the Ascochyta 
described above except that they are somewhat larger, usually 180 
in diameter. In water the spores escape through the ostiolum in a 
gelatinous rope-like mass. The spores are hyaline, straight or 
-lightly curved, rounded at the ends and measure 14-28 x 4 + the 
most common size being 20-21 x 4 v4, In most cases the spores 
appear non-septate. However, septate spores occur abundantly in 
the more mature pycnidia which may be distinguished by their 
darker color and especially by the whitening of the leaf tissue at the 
center of the spot on which they are seated. The number of septa 
varies from one to four, being usually three. Frequently, slight 
constrictions occur at the septa. 

We have been unable to find any account of an alfalfa disease 
like this one. However, there is a very similar leaf spot of sweet 
clover, Melilotus alba, caused by Stagonospora carpathica Bauml. 
the description” of which agrees quite closely with the characters 
possessed by our fungus. We should not hesitate to refer the 
alfalfa fungus to this species but for the fact that numerous sweet 
clover plants growing among the affected alfalfa plants were en- 
tirely free from the disease. 

This leaf spot is readily distinguished from the Ascochyta leaf 
spot and Cercospora leaf spot (next to be described) by the dark 
brown border surrounding the spots. 


CERCOSPORA LEAF SPOT. 


(Cercospora medicagims E. & E.) 


A Cercospora on alfalfa foliage was found but once, viz., on June 
12, 1908. Only occasional leaves were affected. The Cercospora 
spots occurred chiefly on green leaves about half way up the plant. 
They were mostly circular with indefinite outline, smoke-colored or 
nearly black, 1.5 to 2.5 millimeters in diameter and visible on both 
Surfaces of the leaf. (See Plate XX VI, fig. 3.) The spores 
measured 40-135 x 4 » and were 6- to 15-septate. Both in gross 
appearance and in microscopic characters our specimens agree 


Pieaceardo (86, 10:334). 
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closely with those distributed in Ellis and Everhart’s Fungi Colum- 
biani, Century 24, No. 2314, under the name Cercospora medi- 
caginis E. & E. Probably our fungus is referable to this species.” 
However, other names have been given to Cercosporas occurring on 
alfalfa. In Delaware, Chester’? found one which he described 
under the name Cercospora helvola Sacc. var. Medicaginis Chester. 
Voorhees** mentions the occurrence of Cercospora helvola on alfalfa 
in New Jersey. Frank’ gives Medicago sativa as one of the hosts 
of Cercospora helvola. Saccardo™ includes C. medicagimis, but not 
C. helvola, in the list of fungi occurring on alfalfa. 


Apparently, there is no previous record of a Cercospora on alfalfa 
in New York. 


ALTERNARIA DISEASE (?) OF ALFALFA SEED. 


A few years ago Dr. Peglion,” an Italian investigator, announced 
that dead, brown seeds of alfalfa and red clover are commonly in- 
fested with a certain fungus the hyphz of which penetrate the seed 
coat. He found that under temperature and moisture conditions 
favorable to germination such seeds, instead of germinating, soon 
become overgrown with a dark-colored mold, Alternaria tenuis. 
This is said to occur even when the seeds have been previously steri- 
lized externally. The perithecial form of the fungus was found and 
identified as Pleospora alternariae Griff. & Gib. 

Our observations indicate that the alfalfa seed offered for sale in 
New York is, likewise, quite generally infested with Alternaria. 
Most of the samples of alfalfa seed received for examination at the 
Station have shown a greater or less number of dead, brown, 
shriveled seeds. In germination tests many of these brown seeds 
become moldy and in the great majority of cases the mold is of the 
same kind, viz., a species of Alternaria.”® 


@ Cercospora medicaginis was originally described on Medicago 1’ 
See Ellis and Everhart (25). 

™ Chester (13). 

Voorhees. (104, p. 155). 

Frank (30; 2:352). 

mesaccaTrdo’{ 0, 13-711): 

7 Peglion (76). 

* Mr. L. Knudson, now of the Department of Plant Physiology in the 
New York State College of Agriculture, informs us that, in 1907, while 
an assistant in the Department of Agromony at the Missouri Experiment 
Station, he made a large number of germination tests of alfalfa and red 
clover seed and observed that the brown seeds which fail to germinate usu- 
ally become infested with a species of Alternaria. 
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This happens even when the seeds have been sterilized on the 
outside and the germination apparatus also sterilized, as in the fol- 
lowing exepriment: From each of twenty samples of alfalfa seed 
sent to the Station from as many different places in the State, ten 
brown, shriveled seeds were selected. The 200 seeds thus obtained 
were divided into two lots of 100 seeds each in such manner that 
the two lots were exact duplicates, each of them containing five seeds 
from each of the twenty original samples. One lot (I) of the seeds 
was soaked 45 minutes in a I-I000 corrosive sublimate solution to 
sterilize them externally. By means of sterile forceps the seeds 
were then transferred to a Geneva seed-tester’ previously steam 
sterilized.®° The other lot (Il) of seeds, unsterilized, was placed 
in the seed-tester at the same time for a check. The temperature 
to which the seeds were exposed varied from about 16° to 23° C. 
At the end of nine days the condition of the seeds was as follows: 
Lot I (sterilized): 26 germinated, 30 moldy, the fungus being 
Alternaria in 25 cases; Lot II (check): 31 germinated, 34 moldy, 
the fungus being Alternaria in 28 cases. Seemingly, external 
sterilization of the seeds does not greatly reduce the tendency to 
mold. 

What relation the Alternaria bears to the seed — whether that of 
a parasite or merely a saprophyte —can not be stated. Neither was 
it determined to what species the Alternaria belongs. Usually, it is 
quite black and produces multitudes of spores. 

_A molding and rotting of alfalfa seed in Colorado has been dis- 
cussed by Headden,®! but he gives no clue to the identity of the 
fungi concerned ‘in the trouble. 


4y- 


EROS Te BEISTERS ONAL PALPA LEAVES. 


The usual effect of frost on alfalfa leaves is to cause them to be- 
come blistered on the lower surface through the separation of the 
epidermis from the parenchyma. ‘This has been described previ- 


™For a description of the Geneva seed-tester see Rpt. of this Station, 
2(1883) :67; also in Bot. Gag. 10:425. 

The copper body of the seed-tester and the cloth pockets which hold 
the seeds were placed in an autoclave for twenty minutes at a temperature 
of about 120° C. and a pressure of fifteen pounds. After the apparatus 
had been put together it was placed over a gas flame for two hours to 
complete the sterilization. 

*Headden (41, p. 13). 
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ously by Noack.8* The writers have observed it in New York, fre- 
quently. 

About April 1, 1907, at Geneva, there were a few days of unsea- 
sonably warm weather during which alfalfa started into growth and 
put out new leaves. Then there came a hard freeze. Some of the 
new leaves were kilied outright. Many others were seemingly unin- 
jured; but an examination of them showed that over large areas 
on the lower surface the epidermis was separated from the paren- 
chyma so that it could be removed readily. Sometimes the loosened 
epidermis was shiny, but more often it was simply a lighter shade 
of green than normal. 

After heavy frosts (28° F.) occurring May 11 and 12, 1907, 
alfalfa showed no material injury on May 13. However, many of 
the leaves were partially wilted, somewhat wrinkled and gray-green, 
with the epidermis on the lower surface plainly separated from the 
parenchyma. In some cases the loosened epidermis was ruptured. 

By May 4, 1908, alfalfa on the Station farm had made a new 
growth about five inches high. Although the plants were not 
materially injured almost every leaf showed large frost blisters 
on the lower surface. The younger leaves were gray-green and 
slightly wilted as a result of the light frosts of May 1 and 4 when 
the minimum temperature was 30° F, in both cases. The older 
leaves were considerably wrinkled and distorted and often showed 
ruptures in the loosened epidermis. Their injury was due probably 
to the hard freeze of April 21 when the temperature went down 
tO. 20" ek 

INSECT ENEMIES. 


The insect enemies of alfalfa have not been included in this in- 
vestigation. All that can be said on the subject is that we have 
seen in New York no instance of serious injury to alfalfa caused by 
insects. 


ROOT-KNOT. 


Alfalfa root-knot disease caused by nematodes is of frequent 
occurrence in New York. This first came to our attention in Au- 
gust, 1907, when a newly-seeded field of alfalfa near Geneva was 
found to be thoroughly infested. Subsequently, the same trouble 
was observed in many fields in various parts of the State. How- 
ever, the damage done by it seems to be small. 

Root-knot is a very appropriate name for the trouble. It is char- 


” Noack (72). 
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acterized by clusters of rootlets which spring from small knots 
or enlargements on the lateral roots. (Plate XXVII, figs. 1, 3, and 
4.) An examination of the surface of the knots with a hand lens 
reveals certain rounded elevations which are either whitish and 
plistening or else pale yellow and dull. These are pear-shaped, 
gravid female nematodes and they are so thoroughly imbedded in 
the root that they appear to be a part of it. However, with the 
aid of a dissecting needle they may be dislodged readily. Under 
the compound microscope they are seen to contain large numbers 
of eggs or of young larve. (Plate XX VII, figs. 3, 5 and 6.) 

The nematode in question is referable to the species Heterodera 
radicicola (Greeff) Mull. which is a common and often destruc- 
tive root parasite of many kinds of plants.5? In New York, it is 
injurious chiefly to plants grown under glass. We believe this to 
be the first published record of the occurrence of a nematode 
disease of alfalfa in the United States. However, Dr. Ernst Bessey 
of the University of Louisiana informs us that, according to his 
observations, alfalfa in this country is often attacked by nematodes. 
Its occurrence, in Germany has been reported by Frank,§* and in 
Egypt, by Mosseri. 

The root knots or enlargements caused by nematodes are readily 
distinguished from bacterial nodules by the fact that the former 
bear one to several short rootlets each, while the latter are entirely 
free from them. 


DISEASES OF UNKNOWN CAUSE. 
WHITE SPOT. 


In this disease the leaves are thickly covered with light-colored 
spots or areas which give the affected plants a whitish appearance. 
The white spots are irregular in shape, rather definite in outline, 
.5 to 1.5 millimeters across and usually distributed irregularly al- 
though sometimes the distal two-thirds of the leaflet is thickly cov- 
ered with spots while the proximal one-third is almost entirely free 
fron them. The affected plants are scattered here and there 
through the field. It is a common thing to find plants so much 
affected that almost every leaf shows the spots without a trace of 
disease appearing on any of the surrounding plants. 

This disease occurs in alfalfa fields all over the State, but we 


*® Atkinson (1); Stone and Smith (1or). 
meuranke (20), (31) (30,83 23). 
© Mosseri (71). 
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have never seen it sufficiently abundant to cause appreciable loss. 
It is usually seen in May and June. 

The cause of white spot is entirely unknown. The affected leaves 
show no evidence of being attacked by fungi and it seems unlikely 
that the trouble is due to insects. It is considerably different from 
the work of the four-lined leaf-bug (Poecilocapsus lineatus) which 
occasionally attacks alfalfa leaves producing small, translucent spots. 
Probably it is a physiological disorder of some kind. The roots 
of affected plants generally appear normal. | 


YELLOW TOP. 


During the past two years one of the Station alfalfa fields, seeded 
in 1904, has turned bright yellow from an unknown cause. In 
1907 this occurred two to three weeks after the second cutting when. 
the plants were seven to nine inches high. It commenced on a strip 
along one side of the field where the hay had been cut a few days 
earlier than on the remainder of the field. Ultimately, an area of 
about two acres became involved. In the spring of 1908 the affected 
field was entirely normal in color and the first cutting of hay was 
a heavy crop; but the second and third cuttings were both very 
yellow and the yield light. This year the trouble started in the 
same place as in 1907 and spread over the entire field of about 
four acres. It also appeared, in a mild form, in two other fields 
on the Station farm. Several fields in the vicinity of Geneva were 
affected and reports of the disease were received from various 
other places in the State. It appears to have been not uncommon 
in 1908. 

On affected plants, the lower leaves are green while the upper 
ones are more or less yellow or, occasionally, purple. As a rule, 
the yellowing is much more pronounced on the distal than on the 
proximal portion of the leaflets. Although the yellow leaves do 
not fall the growth of the plants is severely.checked. 

There is no reason to believe that this disease is caused by any 
fungus, insect or other parasite working in the parts of the plant 
above ground. Plainly, the cause is to be sought underground. Our 
investigation of the roots of affected plants has been too super- 
ficial to warrant positive statements concerning their condition. We 
can only say that from casual observation they appear to be norinal. 

Apparently, climatic conditions have something to do with the 
disease. Dry weather seems to favor it... Both in 1907 and 1908 
it made its appearance during very dry weather. However, alfalfa 
growing in soil containing an excess of moisture frequently shows 
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a somewhat similar yellowing of the foliage. So far as our observa- 
tions go, the character of the soil has no marked influence. In 
the affected field on the Station farm the soil is clay loam, with 
good surface- and under-drainage. Alfalfa has been grown suc- 
cessfully on this field during the greater part of the past fifteen 
years without any previous trouble of this kind so far as can be 
learned. | 

Yellow top is sometimes mistaken for leaf spot. Although both 
diseases cause the foliage to turn yellow the two should be dis- 
tinguished without difficulty. Plants affected with yellow top show 
green leaves below and yellow leaves above; whereas those affected 
with leaf spot have yellow leaves below and green leaves above. 
Besides, in yellow top the leaves are free from spots and do not 
fall; while in leaf spot the leaves are thickly covered with small 
brown spots and fall prematurely. Of course, the two diseases 
may occur together. 

A disease which may have been yellow top is said by Elliott®® 
to have greatly shortened the yield of alfalfa hay in Washington 
in 1906. 

PITTING OF THE TAP-ROOT. 

The tap-roots of alfalfa plants in this State are quite commonly 
covered with brown pits and scars of various shapes and sizes. 
On the roots of old plants’ the scars are suggestive of the potato 
scab disease and one might easily believe that they are due to the 
attack of some parasitic fungus; but on the roots of plants one and 
_twe years old it is plain to be seen that the bark has been gnawed 
by some insect or animal. (Plate XXVII, fig. 2) Although the 
growth of the plants does not appear to be seriously checked the 
effect of the pitting cannot be otherwise than harmful. In the 
aggregate, the damage done must be considerable, for the trouble 
is exceedingly common. 

BUNDLE BLACKENING IN THE TAP-ROOT. 


Black or brown streaks within the tap-root are of frequent oc- 
currence. The black streaks are discolored fibro-vascular bundles. 
_ The cause of the discoloration is unknown. So far as can be de- 
termined from microscopic examination neither bacteria nor fungt 
are to be found in the blackened bundles. Whether the bundle 
blackening indicates a diseased condition of the tap-root cannot 
be definitely stated. It often occurs in the roots of thrifty, ap- 
parently healthy plants. 


MBlliott’ (27; ps 31): 
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DISEASES NOT KNOWN TO OCCUR IN NEW YORK, 


I‘or the convenience of those who may wish to pusue the sub- 
ject further there is given here a brief account of the various other 
diseases said to affect alfalfa but which have not yet been observed 
in New York. 

FUNGUS DISEASES. 


Violet root-rot (Rhizoctonia medicaginis DC.)* kills the alfalfa 
in circular spots several feet in diameter. It is a destructive disease 
common in Europe.®8 In this country it seems to be rare, although 
Freeman reports it troublesome in Kansas.®° 

Brown root-rot is a disease having symptoms similar to the pre- 
ceding but caused by a different fungus, viz., Ozomium omnivorum 
Shear.” lt occurs an Dexas}"! Atizona?*yanid siatisass = 

A Fusarium root-rot has been reported from Arizona.™ 

Sclerotinia trifoliorum Eriks. which causes root-rot of clover is 
said to attack also alfalfa. Duggar®® observed a sclerotial root 
disease (fungus not determined) of alfalfa in Alabama. 

Urophlyctis alfalfae (Lagerh.) Magn. produces galls on the roots 
near the crown of the plant. It occurs in Ecuador,®” Europe® and 
England,” but has not been observed in the United States. 

Rust (Uromyces striatus Schroet.) on the leaves is an unimpor- 
tart disease of wide distribution.!° Another rust (Uredo medi- 
caginicola Speg.) is said to occur on the stems of alfalfa in South 
America. | 

Other fungi parasitic on alfalfa leaves are the following: Gloe- 


“De Candolle (23). . 

* Prunet (82); Wagner (105); Prillieux (80, 2:144); Frank (30, 2:515) ; 
Briosi and Cavara (8, No. 225). 

*° Freeman (32). 

*° Shear (94). 

* Cirtis< (20). 

* Toumey (103); Thornber (102). 

* Freeman (32). 

“McCallum (63). 

© Prillieux (80, 2:419); Massee (65, p. 155); Coleman (16). 

—Dupgear 1241p, AT)¢ 

“von Lagerheim (59). 

** Magnus (64). 

° Salmon (88). 

” Freeman (32), Briosi and Cavara (8, No. 4). 

Saccardo (86, -16 5351). 





PLATE XXVI.— SomE Funcus DISEASES OF ALFALFA. 


1, Ascochyta leaf spot (Ascochyta sp.) ; 2, Leaf spot (Pseudopeziza medicaginis) ; 
3, Cercospora leaf spot (Cercospora medicaginis) ; 4, Stagonospora leaf spot 
(Stagonospora carpathica) ; 5, alfalfa stems attacked by Sclerotinia libertiana. 
Two stems at top split to show sclerotia formed within. 


(All figures natural size.) 
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PEATE NX VL. — Two. Root TrRouBLEs or ALFALFA, 


I, Root-knot caused by nematodes; 2, pitting of the tap-root; 3, portion of tap-root 
and lateral root with a root-knot; 4, a root-knot showing gravid female nematode 
_at a; 5, mematode egg; 6, young nematode. 


(1 and 2 natural size; 3 and 4, magnified 2 diameters; 5 and 6, magnified 95 dia- 
meters. ) 
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osporium medicagims Ell, & Kell.,2°? Gloeosporium morianum 
Sacc.,2 Pleosphaerulina briosiana Pollacci,* Macrosporium medi- 
cagimis Cugini,© Erysiphe polygom DC.,2°% Phyllosticta medicag- 
mis (Feckl.) Sacc.,% Septoria medicaginis Rob. & Desm.,1% As- 
cochyta pist Lib.,2°° Cercospora helvola Sacc.,4° Laestadia destruct- 
wa (Berk. & Br.) Berl. & Vogl.14 


BACTERIAL DISEASE. 


Paddock"? has given a brief account of a supposedly bacterial 
root disease of alfalfa occurring in Colorado. 


PHANEROGAMIC PARASITES. 


Several species of dodder (Cuscuta) have been recorded as at- 
tacking alfalfa stems. How many of them occur in New York is 
not known. (See page 108.) 

There are also a few phanerogamic root-parasites. Nobbel!? 
states that three species of Orobanche, viz., O. buekiana Koch, O. 
rubens Wallr. and O. minor Sutt., are parasitic on alfalfa in Ger- 
many. Lignier!4 includes Medicago sativa in the list of host plants 
of Thesium divaricatum var. humifusum A. DC. 


INSECTS, NEMATODES AND OTHER ANIMAL ENEMIES. 


Having given but little attention to the insects affecting alfalfa,1° 
the writers are unable to enumerate the species occurring in New 


York. 


Ellis and Kellerman (26). 

= saccardo (80, tf0:456); Frank (30, 2:380). Saccardo (Syll. Fung. 
18:449) gives Medicaggo sativa as the host of Gleosporium caulivorum 
Kirch. This seems to be an error. The only host given by Kirchner 
(Ztschr, Pfhlanzenkrank,. 12:10) is Trifolium pratense, 

™ Pollacci (79); Briosi and Cavara (8, No. 383); Saccardo (86, 16:554). 

* Saccardo (86, 18:618). 

“Salmon (87, p. 180); Prillieux (80, 2:14). 

Beeaccatdo (86, 3:42). 

™Saccardo (86, 3:508); Frank (30, 2:431). 

® Rostrup (84), (85). 

™ Frank (30, 2:350); Voorhees (104, p. 155). 

McAlpine (62, p. 127). 

eoPaddoctk.¢74). 

™ Nobbe (73, p. 470). See also Caspay (12) and Koch (56). 

™*Lignier (60). 

“$ For an account of the insects injurious to alfalfa see Bruner and Hunter 
(10); or Headlee (42). 
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In Europe,™® the nematode, Tylenchus devastatrix Kiihn, attacks 
alfalfa stems causing a disease which the Germans call “ Stock- 
krankheit.” It is not known to occur in America. 

Other animals reported troublesome in alfalfa fields are the wood- 
chuck, prairie dog, pocket gopher4® and ground squirrel.!?° 
Only the first mentioned of these is found in New York. 


LIGHTNING. 


Sitensky™! cites an instance in which a bolt of lightning killed 
alfalfa plants over a circular area five meters (about sixteen feet) 
in diameter. 

SPONTANEOUS COMBUSTION. 


It appears to be an established fact that alfalfa hay stored in stacks 
and barns may become so hot as to take fire through spontaneous com- 
bustion. ‘Several examples are given by Cottrell’?* who states that 
all of the cases coming under his observation occurred with hay 
from the first cutting. Doubtless spontaneous combustion of al- 
falfa occurs in New York, but no clear case of it has come to our 
attention. 


SAPROPHYITC HUNG “ON ALP ALE 


Our studies on the saprophytic fungi have been too fragmentary 
to enable us to give anything like a complete list of the species oc- 
curring on alfalfain New York. Only a few species have been given 
more than passing attention. However, it is desirable to have before 
us a list of the fungi saprophytic on alfalfa. Upon further investiga- 
tion some of the species now classed as saprophytes may prove to 
be parasites or, perhaps, genetically related to parasitic species. Ac- 
cordingly, the following list of alfalfa saprophytes is appended. It 
is compiled mainly from Saccardo’s Sylloge Fungorum. The 
species starred have been observed in New York by the writers. 

* Alternaria sp. On stems. 


* Coniothyrium sp. On stems and stipules. 
* Dendrodochium sp. On stems and roots, (See page 221). 


he eranic MoO. 3"2G)) 

WF in eta 12 ego) « 

“. Cottrell Cig; ip. 78); Coburh iUis- pete); 
Scheffer (80, p. 124); Headlee (42). 

et Hiliatt' (27, spate 

*1 Sitensky (95). 

- Lottrell i 18) MGI gape ae 
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* Didymium difforme (Pers.) Duby. On stems. 


Diplodia eleospora Sace. On stems. Syll. Fung. 3:369. 
D, medicaginis Brun. On stems. Syll. Fung. 10:289. 


* Diplodina medicaginis Oud. On stems. Syll. Fung. 18:351. 

* Fusarium sp. On stems and roots. (See page 221). 

* Haplographium toruloides (Fres.) Sacc. On stems. Rabh, Krypt. Flora. 
Bd. I., Abt. 8:696. 

Hendersonia circinans Sacc.™” On root and stems. Syll. Fung. 3:431. 

Lestadia tnsidiosa Massee. On leaves. Syll. Fung. 17:574. 

Leptospheria circinans (Fckl.) Sacc. On roots. Syll. Fung. 2:88. 

L. medicaginis (Fckl.) Sacc. On stems. Syll Fung. 2:19. 

L. medicaginum Sacc. On stems. Syll. Fung. 2:35. 

L.. pratensis S. & Br. On stems. Syll. Fung. 9:768. 

Leptothyrium medicaginis Pass. On stems. Syll. Fung. 3:634. 

L, vulgare (Fr.) Sacc. On stems. Syll. Fung. 13:711. 

* Macrosporium commune Rbh. On leaves. 

Melanomma dubiosum Sacc. On stems. Syll. Fung. 13:711. 

Microdiplodia medicaginis Diedicke. On stems. Syll. Fung. 18:325. 

Orbilia medicaginis Fautr. & Roun. On stems. Syll. Fung. 11:420. 

Phoma anceps Sacc. On stems. Syll. Fung. 3:120. 

P. herbarum West. On stems. Syll. Fung. 3:133. 

P. roseola Desm. On roots. Syll. Fung. 11:4809. 

P. vulgaris Sacc. On stems. Syll. Fung. 3:1109. 

* Pionnotes rhizophila (Cda.) Sacc. On roots. Syll. Fung. 13:712. 

Pleospora herbarum (Pers.) Rabh. On stems. Syll. Fung. 13:712. 

Pyrenocheta penicillata Fckl. On stems. Syll. Fung. 3:220. 


Rhabdospora allantoidea (B. & C.) Sacc. On stems, Syll. Fung. 3:586. 
* Torula sp. On stems. 


Trichopesiza sulphurea (Pers.) Fckl. On stems. Syll. Fung. 13:712. 
*Voluwtella gilva (Pers.) Sacc. On stems. Syll. Fung. 13:712. 


One of the species listed above, Diplodina medicaginis, was given 
considerable study. An alfalfa field at Geneva seeded in the spring 
of 1906 went into its first winter with a growth about a foot in 
height. The following March the dead alfalfa stems (which were 
still standing upright) were thickly covered with the black pycnidia 
of Diplodinia medicagimis. A similar condition was found in sev- 
eral other alfalfa fields. The fungus appears to be an exceedingly 
abundant one. 

The pycnidia are erumpent, membranous, distinctly ostiolate and 
100 to 200 v in diameter. On March 26 mature spores were 
abundant. When the pycndia are placed in water the spores exude 
through the ostiolum in rope-like masses. The spores are hyaline, 
10-17 X 3-4», Straight or slightly curved, rounded at the ends and 


#8 According to Fuckel (Bot. Ztg. 1861, p. 251 and Symb. Myc. p. 142) 
Hendersonia circinans is the pycnidial form and Leptospheria circinans the 
ascigerous form of Rhizoctonia megicaginis DC. 
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usually bi-guttulate. Many of the spores are apparently non-sep- 
tate. The majority of them are slightly constricted at the middle 
and many are certainly once-septate, but it is often difficult to make 
out the septum. Sometimes one of the cells is a little broader than 
the other. 

The Diplodina grows readily on ordinary culture media such as 
sterilized plugs of sugar-beet and acidulated potato agar. On sugar 
beet the growth soon becomes black with enormous numbers of 
pycnidia which are filled with multitudes of spores. 

This fungus closely resembles the Ascochyta occurring on alfalfa 
leaves but it is certainly a different species. (See page 225.) 


MISCELLANEOUS. 


AN ALFALFA PLANT WITH UNFOLIATE LEAVES. 


In alfalfa, the first leaf after the seed-leaves consists of a single 
leaflet while the succeeding ones are pinnately trifoliate.** (See 
Plate XXI.) Recently, the writers found an alfalfa plant having 
unifoliate leaves throughout. There being, apparently, no pub- 
lished record of such a freak alfalfa plant it is thought worth while 
to give an account of it here. 

The plant was discovered among some alfalfa seedlings grown 
in the Station greenhouse during the spring of 1907. It grew in 
a flower pot in the greenhouse until the spring of 1908 when it 
was transplanted into the open garden together with four other 
plants propagated from it by cuttings. At the present writing 
(October, 1908) all five plants are in fairly normal condition. In 
general appearance they are similar to normal alfalfa plants. None 
of them have never shown anything but the unifoliate leaves which 
are of the same size, shape and appearance as the terminal leaflet 
in ordinary trifoliate leaves. The plants have flowered only spar- 
ingly and produced no seed. They have been affected with leaf 
spot (Pseudopeziza medicaginis), and Diplodina medicaginis ap- 
peared on some of the dead stems in October, 1907. 


MULTIPLICATION OF LEAFLETS. 


We have occasionally seen alfalfa leaves with four and five leaf- 
lets. 


The same is true of other species of Medicago, Trifolium and some 
other Leguminose. (See Lubbock, Sir John. A contribution to our knowl- 
edge of seedlings. 1:388). 
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WHITE FLOWERS OF ALFALFA. 


Westgate’*? describes alfalfa flowers as “ purple, rarely white.” 
The writers have seen many alfalfa flowers which were nearly 
white, but only one plant which produced pure white flowers. Per- 
cival’s statement!** that the flowers of Medicago sativa are some- 
times yellow is probably an error. 


DO* ALFALFA ROOTS CLOG: TILE DRAINS. 


It is said that tile drains are sometimes clogged by alfalfa roots. 
The writers have heard of a few such cases in New York, but have 
never seen one. On this subject, J. E. Wing of Mechanicsburg, Ohio, 
says :'*" “ We find that where the tile runs to a spring with run- 
ning water the year around the tile will become choked with alfalfa 
roots every four or five years, but where there is only the ordinary 
surface water to take care of there will be no trouble from roots 
choking the tile.” 
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POTATO SPRAYING EXPERIMENTS IN 1907.* 


F.C, STEWART, (Gt. FRENCH AND 3A. ree eee 


SUMMARY. 


This bulletin gives the results of the sixth year’s work in the ten- 
year series of potato spraying experiments begun in 1902. During 
1907 the experiments were conducted along the same lines as in 
previous years. Forty separate experiments are reported. 


TEN-YEAR EXPERIMENTS. 


At Geneva five sprayings increased the yield 73.7 bu. per acre 
and three sprayings increased it 44 bu. notwithstanding the fact 
that the:amount of damage done by blights and insects was seem- 
ingly small. There was no rot. At Riverhead the gain due to six 
sprayings was 31.25 bu. per acre and to three sprayings 18 bu. 
Here, the chief enemies were the flea beetle and early blight. 


FARMERS’ BUSINESS EXPERIMENTS. 


In fourteen farmers’ business experiments, including 152.75 acres, 
the average gain due to spraying was 36.8 bu. per acre; the aver- 
age total expense of spraying, $5.90 per acre; and the average net 
profit, $17.07 per acre. 


VOLUNTEER EXPERIMENTS. 


Twenty-four volunteer experimenters reported gains averaging 


20.5 DU per acre, 

The chief troubles of potatoes in New York in 1907 were flea 
beetles and dry weather. The experiences of 1907 do not warrant 
any material alteration in the recommendations for spraying made 


in Bulletin 290. 


*A reprint of Bulletin No. 307. 
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INTRODUCTION. 


Does it pay to spray potatoes in New York? Potato growers 
have been asking this question for fifteen years or more. It is 
well known that in seasons when blight is destructive spraying will 
check the blight and considerably increase the yield; but the ma- 
jority of potato growers have doubted that spraying is profitable on 
the average. They argue that blight does not appear every year. 
In some seasons it causes but little if any damage, yet the spray- 
ing must be done regularly because it is impossible to foretell the ap- 
pearance of blight. The result is that in some seasons spraying is 
profitable while in others it is unprofitable; and these growers doubt 
that the aggregate gain in yield for a series of years will more than 
pay the expense of annual spraying. 

This Station has set out to find an answer to the above ques- 
tion. The investigation was begun in 1902 and is to be continued 
until 1912. During ten consecutive years numerous potato spray- 
ing experiments will be made each year and at the end of the period 
the results will be averaged. The experiments are of three kinds: 
(1) Station ten-year experiments; (2) farmers’ business experi- 
ments; (3) farmers’ volunteer experiments. The ten-year ex- 
periments (two each year) are carried out entirely by the Station. 
The business experiments (13 to 15 each year) are conducted by 
farmers in co-operation with the Station. The volunteer experi- 
ments are carried out entirely by farmers. 

Bulletins previously published are: 

No. 221. Potato Spraying Experiments in 1902; 
No. 241. Potato Spraying Experiments in 1903; 
No. 264. Potato Spraying Experiments in 1904; 
No. 279. Potato Spraying Experiments in 1905; 
No. 290. Potato Spraying Experiments in 19006. 


SUMMARY OF RESULTS OBTAINED IN TEN-YEAR 
EXPERIMENTS PRIOR TO 1907. 


RESULTS IN. 1902. 


Tasle [.— YIELD BY SERIES AT GENEVA IN 1902. 
See 














SERIES. Rows.f ° Dates of spraying. Yield per acre.* 
Bu. lbs, 

FA 2 3; L4 ei andes laos ie tiialO, sa and Auptisy 12.4 245.0 .0 08 bees 317 41 
Ni ae 2.5: S andl, i lune. 25, July 10,23. 30, August 12,-26 and 
SHEE IIIOET TOG meee eR bod dae 2 aE ete oP 342 - 36 

ite. - Sera cil Pie. ota een Sire wets tein bes 2 ee Oe aig ly a ot de Ox 219 4 
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+ Rows 10, 11 and 12 omitted because of probable error. 
* The yields given in Tables I to X relate to marketable tubers only. } 
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Gain due to spraying three times, 98% bu. per acre. 
Gain due to spraying seven times, 123% bu. per acre. 


The unsprayed rows died two weeks earlier than the sprayed 
rows, owing chiefly to a severe attack of late blight. They were 
also somewhat injured by flea beetles, but there was no early blight. 
On unsprayed rows the loss from rot was 714 per ct.; on sprayed. 
rows only an occasional tuber. 


Taste I].— YieLp By SERIES AT RIVERHEAD IN 1902. 








SERIES. Rows. Dates of spraying. Yield per acre. 
Bu. lbs. 

ie te ata 2,0, and Li...) May 26, Jane 20-and July i2e.-ee. See 295 20 
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Gain due to spraying three times, 2724 bu. per acre. 
Gain due to spraying seven times, 45 bu. per acre. 


In this experiment there were only traces of early blight and no 
late blight. The larger yield on sprayed rows was due to partial 
protection against flea beetles which were rather plentiful at times. 
There was no rot. 


RESULTS IN 1903. 


TaAsLe IJI— Yietp spy SERIES AT GENEVA IN 1903. 











SERIES. Rows. Dates of spraying. Yield per acre. 
Bu. Ibs. 

hora 147 LOand Loe iil oranda duets) lOmin 262 — 

A Lest siseeys 2,5,8, lland14.| July 7, 21, August 7, 21 and September 3....| 292 10 
THEE 370, 9,42 and J5.|Notispraveds tt «taut scot ece eee ee ee 174 20 
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Gain due to spraying three times, 88 bu. per acre. 
Gain due to spraying five times. 118 bu. per acre. 


Three sprayings prolonged the life of the plants 11 days; five 
sprayings 18 days. There was no early blight and the injury from 
flea beetles was only slight. Late blight was again the chief enemy. 
The loss from rot was even less than in 1902. 
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TasLe IV.— YieELtp By Sertes AT RIVERHEAD IN 1903. 








SERIES. Rows. Dates of spraying. Yield per acre. 
Bu. lbs. 

i cea Peaeand tO, en Jie, o-) uly, 22, and AUugusteie scum ees els ceve 246 45 
20 ree Sore ana lis. oe fune 5, 24 suly’7; 22 and August 7! et. 263 10 
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Gain due to spraying three times, 39% bu. per acre. 
Gain due to spraying five times, 56 bu. per acre. 


The sprayed rows outlived those unsprayed by several days 
Late blight and flea beetles were the chief enemies. Early blight, 
also, caused slight damage. On the unsprayed rows the loss from 
rot was two per ct.; on those sprayed, practically nothing. 


RESULTS IN 1904. 
TABLE V.— YIELD BY SERIES AT GENEVA IN 1004. 








SERIES. Rows. Dates of spraying. Yield per acre. 

Bu. lbs. 
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Gain due to spraying three times, 191 bu. per acre. 
Gain due to spraying five times, 233 bu. per acre. 


Spraying prolonged the life of the plants 25 days. Late blight 
was the only trouble. In both sprayed and unsprayed rows there 
was a little rot at digging time. In storage, the sprayed potatoes 
rotted most. Spraying materially improved the cooking qualities. 


Taste VI.— YreLp sy Series at RIVERHEAD IN 1904. 








SERIES. Rows. | Dates of spraying. Yield per acre. 
Bu. lbs. 
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Gain due to spraying three times, 5614 bu. per acre. 
- Gain due to spraying six times, 964 bu. per acre. 


The larger yield on sprayed rows was due chiefly to partial pro- 
tection against flea beetles which were unusually abundant. Both 
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early and late blight also present. The loss from rot was three per 
ct. on Series I. and one per ct. on Series II. and six per ct. on Series 


III. 
RESULTS IN 1905. 


Taste VII.— Yretp py SERIES AT GENEVA IN 1905. 











SERIES. Rows.tf * Dates of spraying. Yield per acre. 
Bu. lbs. 
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+ Rows 1, 2 and 8 omitted because of error. 


Increase in yield due to spraying three times, 107 bu. per acre. 
Increase in yield due to spraying five times, 119% bu. per acre. 


From the combined attack of flea beetles, tip burn and late blight 
the unsprayed rows died fully two weeks earlier than the sprayed 
ones. Spraying reduced the loss from rot at the rate of 41 bushels 
per acre. There was no subsequent rot in storage. 


TasLe VIII.— Yierp spy Serres aT RIVERHEAD IN 1905. . 
a SS SS ees 
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SERIES.| Rows. Dates of spraying. ; Yield per acre. 
| | Bu. Ibs, 
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Increase in yield due to spraying three times, 311% bu. per acre. 
Increase in yield due to spraying five times, 82 bu. per acre. 


Late blight caused no injury in this experiment and there was not 
even a trace of rot. [lea beetles and early blight were the enemies. 
fought. 

RESULTS IN 1906. 


TAsLeE IX.— YIELD BY SERIES AT GENEVA IN_ 1906. 





| 
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Increase in yield due to spraying three times, 3134 bu. per acre. 
Increase in yield due to spraying five times, 63 bu. per acre. 
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Late blight, early blight, flea bettles and tip burn were all factors 
in this experiment, but none of them caused much damage. Spray- 
ing controlled blight and flea beetles completely and tip burn par- 
tially. The loss from rot was negligible, only four rotten tubers be- 
ing found in the entire experiment. 


TABLE X.— YIELD BY SERIES AT RIVERHEAD IN 1900. 











‘SERIES. Rows. Dates of spraying. Yield per acre.\ 
Bu. lbs, 
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Increase in yield due to spraying three times, 211% bu. per acre. 
Increase im yield due to spraying five times, 53% bu. per acre. 


In the experiment at Riverhead the principal enemies were late 
blight and flea beetles, there being a moderate attack of both. Early 
blight was not sufficiently abundant to cause material injury. There 
was no loss from rot. 


‘DETAILS OF THE TEN-YEAR EXPERIMENTS IN _ 1907. 
AT GENEVA. 


In 1907, the experiment was carried out in practically the same 
“manner as in previous years. There were 15 rows* 290.4 feet long 
by three feet wide. Planting was done by hand May 22, in drills, 
the seed pieces being 15 inches apart. The variety was Rural New 
Yorker No. 2. The soil was heavy clay loam, well drained. The 
_ previous crop was clover. : 

The five rows constituting Series I were sprayed three times— 
twice with bordeaux mixture and paris green and once with 
bordeaux alone — the dates being July 15 and 24 and August 9. 

The five rows constituting Series II] were sprayed five times — 
twice with bordeaux mixture and paris green and three times with 
bordeaux mixture alone — the dates being July 15 and 24, August 9 
~ and 24 and September 17. 

The five rows constituting Series III (Check) were not sprayea 
‘at all with bordeaux mixture, but were treated twice (July 15 and 
24) with paris green in lime water to control bugs. 


“Besides the 15 rows in the experiment proper there were, as in all pre- 
vious experiments, {wo other rows which served the purpose of outside rows. 
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The spraying was done very thoroughly with a knapsack sprayer. 
The bordeaux mixture used contained six pounds of copper sul- 
phate to each 50 gallons and lime considerably in excess of the 
amount required to satisfy the potassium ferrocyanide test. When- 
ever paris green was used it was applied at the rate of one-half 
pound to 50 gallons of bordeaux or of lime water as the case might 
be. 

Over the entire field bugs were brought under complete control by 
the two applications of paris green made July 9 and 24. Late 
blight (Phytophthora infestans) was wholly absent and early blight 
(Alternaria solani) appeared only in traces. There was some tip 
burn and a light attack of flea beetles (chiefly, Epitrix cucumerts). 
Up to September 1 there was scarcely any difference between 
sprayed and unsprayed rows. But during September a change came 
about — the unsprayed rows gradually turned brown and died while 
the sprayed ones remained green. ‘The reason for the longer growth 
of the sprayed plants is not altogether clear. Probably it was owing 
chiefly to the fact that the spraying protected the plants against flea 
beetle injuries. There being an abundance of rain after about Sep- 
tember 15 and no killing frost until October 17, the plants remaining 
alive had an exceptional opportunity for growth. Although planted 
so early as May 22 the sprayed rows still showed considerable green 
foliage as late as October 17 when the frost came. 

The potatoes were dug by hand. The product of each row was 
sorted into two grades—marketable tubers and culls— and 
weighed. No rotten tubers were found. The yields follow: 


TABLE XI.— YIELDS IN THE EXPERIMENT AT GENEVA IN 1907. 











YIELD PER ROW. YIELD PER ACRE. 
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Tt Rows 290.4 feet long by 3 feet wide makings the area of each row exactly one-fiftieth acre 
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Yield by series—— The five rows sprayed three times constitute 
Series I and the average yield of these rows makes the yield for 
Series I. The yields given for Series II and III have been com- 
puted in the same manner. The yield by series is shown in the fol- 
lowing table: 


Taste XIJ.—- YIELD By SERIES AT GENEVA IN’ 1907. 
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SERIES. | Rows. Dates of spraying. Yield per acre.f 
| Bu. Ibs. 
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7 Marketable tubers only. 


Increase in yield due to spraying three times, 44 bu. per acre. 
Increase in yield due to spraying five times, 7374 bu. per acre. 


Considering the seemingly small amount of damage done by insect 
and fungus pests it is remarkable that spraying should have in- 
creased the yield so much. 


AT RIVERHEAD, 


The experiment at Riverhead is, essentially, a duplicate of the 
Geneva experiment, differing from it only in minor details. The 
soil was sandy loam and the previous crop had been potatoes. The 
rows were 290.4 feet long by three feet wide. Planting was done 
April 25 with a Robbins potato planter. The variety was Carman 
Not. 

The five rows constituting Series I were sprayed three times 
(June 19, July 25 and August 15) with bordeaux mixture and paris 
green and treated twice besides (June 29 and July 9) with paris 
green in lime water. 

The five rows constituting Series II were sprayed six times 
(June 19, July 2, 17, 31, August 15 and 29) with bordeaux mix- 
ture. Paris green was used with the bordeaux in the first three 
spraying and in the fifth one. 

The five rows constituting Series III (Check) were not sprayed 
at all with bordeaux but were treated twice (June 29 and July 16) 
with paris green in lime water to control bugs. 

The bordeaux mixture used was prepared in the same manner as 
in the Geneva experiment. (See page 250.) Whenever paris 
green was used it was applied at the rate of one pound to fifty 
gallons. All of the applications were made with a knapsack sprayer 
and the work done very thoroughly. 
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Bugs were numerous and persistent in spite of the frequent use 
of paris green. However, the unsprayed rows which received only 
two applications of paris green were but little if any more injured 
than the sprayed rows of Series I to which paris green was applied 
five times. We believe this to be due to the fact that the first treat- 
ment of the unsprayed rows was made at exactly the right time 
to get the best results. 

There was some early blight, but no late blight. Flea beetles 
were plentiful and caused much damage. By August 10 there was 
a striking contrast in appearance between sprayed and unsprayed 
‘rows. Series II had twice as much green foliage as Series III. 
‘The larger yield of the sprayed rows in this experiment is to be 
attributed to their partial protection against the ravages of flea 
beetles and early blight. 

The potatoes were dug by hand October 7. The product of each 
row was carefully sorted into two grades — marketable tubers and 
culls ——and weighed separately. No. rotten tubers were found. 
The yields were as follows: 


TABLE XIII.— YIELDS IN THE EXPERIMENT AT RIVERHEAD IN 1907. 
ee ee ee ee 
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tT Rows 290.4 teet long by 3 feet wide making the area of each row exactly one-fiftieth acre’ 


TABLte XIV.— YIELD BY SERIES AT RIVERHEAD IN 1907. 
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SERIES. Rows. Dates of spraying. Yield per acre.t 
Bu. lbs, 
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+t Marketable tubers only. 
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_ Increase in yield due to spraying three times, 18 bu. per acre. 
Increase in yield due to spraying six times, 31% bu. per acre. 


In all six years during which these experiments have been in prog- 
ress the gain from spraying at Riverhead has been much smaller 
than at Geneva. The exact amount of this difference is shown in 
the next table. | 


SUMMARY OF RESULTS OBTAINED IN THE TEN-YEAR 
EXPERIMENTS, 1902-1907. 


The following table shows the results obtained in the ten-year ex- 
periments during the first six years: | 


TABLE XV.— SUMMARY OF THE TEN-YEAR EXPERIMENTS FOR SIX YEARS. 
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FARMERS’ BUSINESS EXPERIMENTS. 


During the season of 1907 fourteen farmers in different parts of 
the State conducted business experiments in co-operation with this 
Station. The object of these experiments is to determine the actual 
profit in spraying potatoes under farm conditions. The methods 
employed were essentially the same as in previous years. An ac- 
curate record was kept of all of the expense of spraying, including 
labor, chemicals and wear of machinery. In each experiment a 
strip of three to six rows was left unsprayed for comparison. 

In order to bring the account of the experiments within the re- 
quired space limit it has been necessary to omit many interesting 
details. | 

Throughout this bulletin the word “ spraying” is used in a re- 
stricted sense. It means the application of bordeaux mixture ex- 
clusively and not the use of paris green with water. 
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Whenever “arsenite of soda stock solution’? is mentioned it 
should be understood to mean the stock solution prepared by the 
Kedzie formula— one pound white arsenic, four pounds sal soda 
and one gallon of water boiled together 20 minutes. 

By “test rows” is meant the rows used for determining the 
amount of the increase in yield due to spraying. These are, usually, 
the middle unsprayed row and the second sprayed row on either 
side. 

The yields given are for marketable tubers only. 

The price used in computing the value of the increased yield is, in 
every case, the market price for potatoes in the locality where the 
experiment was made, on the date on which the test rows were dug. 


THE BATAVIA EXPERIMENT. 


Conducted by G. A. Prole, Batavia, N. Y. Thirteen aeres 
variety Sir Walter Raleigh, were sprayed 4 times with a two-horse, 
home-made sprayer pumped by hand. In the first two sprayings 
one nozzle per row was used and five rows covered at each passage; 
in the last two, two nozzles per row and four rows covered. The 
dates of spraying were July 19, August.8, 23 and September 2. 
The bordeaux used contained 6 lbs. copper sulphate to 50 gals. 
water, with sufficient lime added to satisfy the potassium ferro- 
cyanide test. Poison for bugs (arsenite of soda, stock solution) 
was used with the bordeaux in the first spraying at the rate of two 
quarts to 50 gallons. The water required was pumped by a wind- 
mill 20 rods distant. There were three rows 1436 feet long by 32 
inches wide. They were treated with paris green once (July 19). 
The check rows died ten days earlier than the sprayed ones, owing 
chiefly to the ravages of flea beetles. 

The items of expense were as follows: 


aro lbs itepper: <ulphate w@sSers a... Tac, ceo ee ee See $24 96 
Avid 1, SG hO GAS Chay ches tide + dues Gale sieitab tes MO ae Cae ae I 00 
20 dbse sal. Usotla (ay “ate as n-ne ee 50 
5 {bs white arsenic) 15¢.s. 02 as ayn treaels piel ieee vis 
B days Jabor for*man () Sainvew 22. Gece en eee 10 00 
« days labor* for horsé’ @/Si4 ae eee eee 5 00 
Wear ion usprayeri veo ilane fee Geld. cea ieee ees Bet cree ea 5 00 

Totaleaees Po ves du bes ba Fel 5 ee Ree ton 2% 1s Or ee $47 21 


The yields of the test rows were as follows: 

Average of two sprayed rows, 694 lbs.—131.5 bu. per acre. 
Middle unsprayed row, 647 lbs.=122.6 bu. per acre. 

Gain due to spraying, 8.9 bu. per acre. 
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The market price of potatoes at digging time being 75 cents per 
bushel the increase had a value of $6.67 per acre. After deducting 
the expense of spraying, $3.63 per acre, there remains a net profit 
of $3.04 per acre. 


THE GENESEO EXPERIMENT. 


This experiment, conducted by S. Fraser, Geneseo, N. Y., was in 
a young orchard in which 6-row strips of potatoes were planted be- 
tween the rows of trees, the area devoted to potatoes being 17% 
acres. The sprayer used was a two-horse, five-row Brown sprayer 
with two nozzles per row. The potatoes being in 6-row strips and 
the sprayer a 5-row machine it happened that the middle four rows 
of each strip were double-sprayed at each spraying. The whole 
field was sprayed six times and four acres of it a seventh time, the 
dates being: July 15-16, 23-25, August 7-9, 17-19-20-21, September 
3-5, 16-18, 25-27. In the first spraying 6-4-50 bordeaux was used ; 
in the others, 4-4-50. The water required was pumped by hand, 
most of it being obtained in the field. Arsenate of lead, for bugs, was 
used with the bordeaux in two sprayings. One 6-row strip was left 
for a check. The rows were 576 feet long by 39 inches wide. 
They were kept free of bugs by two applications of arsenate of lead. 
At no time was there much contrast between sprayed and un- 
sprayed rows. ‘There was no blight and but few flea beetles. 

The expense account contained the following items: 
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The test rows (which were of the variety Sir Walter Raleigh) 
received 7 double sprayings. The yields were as follows: 


Average of 4 sprayed rows, 282 lbs.=109.3 bu. per acre. 
Average of 2 check rows, 278 lbs.==107.8 bu. per acre. 
Gain due to spraying, 1.5 bu. per acre. 


At 50 cents per bushel, the market price of potatoes at digging 
time, the increase has a value of 75 cents. The expense of seven 
double sprayings being $13.37 per acre, there was a loss of $12.62 
per acre. 
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THE ANDOVER EXPERIMENT. 


Conducted by M. A. Crandall & Son, Andover, N. Y. Five acres 
of potatoes (in two lots) were sprayed five times with a one-horse, 
four-row “ Watson” sprayer carrying one nozzle per row. The 
bordeaux used was of the 6—-5-5o in the fifth. Water was obtained 
from a spring 40 rods distant from one lot and 80 rods from the 
other. In three sprayings one pound of paris green and two quarts 
of arsenite of soda stock solution were added to each 50 gallons of 
bordeaux to control bugs, which were very troublesome. ‘Three 
rows 610 feet long by 32 inches wide were left for a check. ‘These, 
also, were treated three times with paris green and, besides, the bugs 
were hand picked once. Early blight, late blight, tip burn, flea 
beetles and bugs were all factors in this experiment. Although 
sprayed and unsprayed rows seemed to have an equal chance so far 
as treatment for bugs is concerned the unsprayed rows were slightly 
more injured by bugs. The iinsprayed rows died 10 to 14 days 
earlier than the sprayed ones. 


The expense account contained the following items: 


98.ibs: copper. sulphate @)/ Se. Sen. Sa ee eee $7 84 
95 -bs... linte, +20 <p saumeivel.. ko ata tine es Sel eieee eek ees eee eee eee I 90 
22 ibs. sal .soda. sa) bc. Oat. te ascdkobes ere nies ee ee Lee I 10 
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ar Ut Bprayerecee ds css i 
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The test rows gave the following yields: 


Average of two sprayed rows, 285 lbs.=127.1 bu. per acre. 
Middle unsprayed row, 198 lbs.==88.3 bu. per acre. 

Gain due to spraying, 38.8 bu. per acre. 

There was no loss from rot. 


At 50 cents per bushel 38.8 bushels have a value of $19.40. After 
deducting the expense of spraying, $4.67 per acre, there remains 


a net profit of $14.73 per acre. 


*Mr Crandall did some spraying for neighbors at this price. 
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THE INTERLAKEN EXPERIMENT, 


monauccedeby P.)C.-and 22°B. Bradley, Interlaken;-N.'Y., who 
sprayed 8% acres of potatoes (in two lots) four times — July 13, 


24, August 7 and 23. The sprayer used was a two-horse, four-row 
‘Watson ”’ sprayer carrying one nozzle per row in the first and last 
sprayings and two nozzles per row in the second and third sprayings. 
The bordeaux used was of the 4-4-50 formula. In the first two 
sprayings paris green was added at the rate of one-half pound to 50 
gallons. Water was obtained from a stream 25 rods distant. Three 
check rows were left in each lot. In the east lot the checks were 
864 feet long by three feet wide; in the west lot, 726 feet long by 
three feet wide. The checks received paris green twice, July 13 and 
24. Atno time during the season was there any contrast in appear- 
ance between sprayed and unsprayed rows in either lot. There 
was no blight, no rot and no damage done by bugs. Flea beetles 
caused some damage and there was much tip burn. 
The expense account contained the following items: 


eM PRCOTDCE Sip Diabet Or PaOTAy 5 alc wees ves 's Logie alates WEG «DS $14 64 
MITES MEMUNI YEE ah aoc ih bd os LE ang et, ob Ara) dS pe eRe aes erste Crea. aides 2 35 
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The test rows (variety, Carman No. 3) yielded as follows: 


East Lot.— Two sprayed rows, 1354 lIbs.—=189.5 bu. per acre. 
Middle unsprayed row, 559 lbs.==156.5 bu. per acre. 

Gain due to spraying, 33 bu. per acre. 

West Lot— Two sprayed rows, 1086 Ibs.=181 bu. per acre. 
Middle unsprayed row, 456 lbs.==152 bu. per acre. 

Gain due to spraying, 29 bu. per acre. 

Average gain in two lots, 31 bu. per acre. 


At 55 cents per bushel 31 bushels have a value of $17.05. After 
deducting the expense of spraying, $4.55 per acre, there remains a 
net profit of $12.50 per acre. 


THE EAST SYRACUSE EXPERIMENT. 
Conducted by M. W. Garrett, East Syracuse, N. Y. Four acres 
of potatoes were sprayed six times with a one-horse, four-row 


9 4 
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“Iron Age” sprayer. In the first three sprayings one nozzle per 
row was used; in the last three sprayings, two nozzles per row. 
The dates of spraying were: July 5, 11, 17, 23, 31 and August 7. 
The bordeaux used was of the 6-6-50 formula. The water re- 
quired was pumped by hand and hauled 100 rods. In all six spray- 
ings one-half pound of paris green and one quart of arsenite of soda 
stock solution were added to each 50 gallons of bordeaux. Four 
check rows, 518 feet long by 3 feet wide were left unsprayed. These 
were treated four times with paris green. The check rows, being 
more severely attacked by early blight and flea beetles, died about 
two weeks earlier than the sprayed rows. There was also considsr- 
able tip burn which was partially controlled by the spraying. Late 
blight and rot were wholly absent and no damage was done by bugs. 
The items of expense were as follows: 


¥25 / ibs. Copper’ sulphates 4106 Ae Le. ee $12 50 
rac. Ibs. lime) . wreak sale. Ape ete 3 eet oe ee oe 75 
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18 hrs. labor. for. horse DOC ficn-. csc cheeses es ee I 80 
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The test rows (variety Green Mountain) yielded as follows: 


Average of two sprayed rows, 432 Ibs.=201.8 bu. per acre. 
Average of two check rows, 342 lbs.==159.8 bu. per acre. 
Increase in yield due to spraying, 42 bu. per acre. 


The market price of potatoes at digging time being 75 cents per 
bushel the increase had a value of $31.50. After deducting the ex- 
pense of spraying, $6.93 per acre, there remains a net proft of 
$24.57 per acre. 

THE VERONA EXPERIMENT. 


Conducted by F. G. Rathbun, Verona, N. Y., who sprayed ten 
acres twice with a one-horse, four-row “ Spramotor ” sprayer carry- 
ing three nozzles per row and applying about 75 gallons of bordeaux 
per acre. The dates of spraying were August 3-5 and 27-30. There 
were three check rows, 792 x 3 feet. July 13-15-16 the entire field 


was treated with »aris green in water. In the first spraying 
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(August 3-5) poison was used with the bordeaux and the check 
rows also were poisoned on August 5. Late blight and rot were 
the enemies fought in this experiment. Late blight appeared about 
August 20 and attacking the unsprayed rows more severely than the 
sprayed ones caused them to die about two weeks earlier. 

The expense account included the following items: 


MUMILISEECOPNGI) Stu plate (Cis, Gas « Ws ietilalss ely siutnloe es lalobels ale Sctat $12 24 
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The test rows (variety, Green Mountain) yielded as follows: 


Average of two sprayed rows, 537 lbs.==164 bu. per acre. 
Middle unsprayed row, 370 lbs.—113 bu. per acre. 
Increase in vield due to spraying, 51 bu. per acre. 


Although the weights taken show 34.5 bu. of rotten tubers per 
acre on the sprayed rows as against only 33.6 bu. on the unsprayed 
row, there can be no doubt that spraying lessened the loss from rot. 
On the unsprayed rows there were large numbers of tubers which 
were so much decayed that they could not be gathered for weighing, 
while on the sprayed rows there were only a few such tubers. 

At 70 cents per bushel, the market price at digging time, 51 
bushels of potatoes are worth $35.70. After subtracting the ex- | 
pense of spraying, $4 per acre, there remains a net profit of $31.70 
per acre. 


THE DENMARK EXPERIMENT. 


Conducted by H. E. Cook, Denmark, Lewis County, N. Y. Six 
acres were sprayed 5 times with a two-horse, four-row “Aroostook ” 
sprayer carrying two nozzles per row. ‘The dates of spraying were 
July 20, August 16, 20, 27 and September 4. The bordeaux used 
was of the 5—5—50 formula with 1™% pounds of paris green added in 
the first spraying. The checks consisted of two three-row strips 
500 feet long the rows being three feet apart. The check rows. 
were treated with paris green twice — July 20 and 25. 
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The expense account contained the following items: 
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One test was in the variety Carman No. 3, the other in the variety 
Green Mountain. The yields were as follows: 

Test No: 1— Carman No. 3.—Average of two sprayed rows, 
500 lbs.==223.3 bu. per acre. 

Middle unsprayed row, 498 lbs.—222.4 bu. per acre. 

Increase in yield due to spraying, 0.9 bu. per acre. 

Test No. 2. Green Mountain.—Average of two sprayed rows, 
570 lbs.=254.6 bu. per acre. 

Middle unsprayed row, 347 lbs.==155 bu. per acre. 

Increase in yield due to spraying, 99.6 bu. per acre. 

Average gain in the two tests, 50.2 bu. per acre. 

At 50 cents per bushel the market value of this gain was $25.10. 
The expense of spraying being only $7.84 per acre the net profit 
from the operation was $17.26 per acre. 

Why the results were so widely different in the two tests is not 
known. The difference in variety does not account for it satis- 
factorily. Mr. Cook reports that in the test on Green Mountain 
the unsprayed rows were markedly inferior to the sprayed ones 
being more injured by late blight and tip burn. There was no early 
blight, no rot and no injury from bugs. 


THE OGDENSBURG EXPERIMENT. 


Conducted by Andrew Tuck, Ogdensburg, N. Y. Four acres of 
potatoes (variety, Rural New Yorker No. 2) were sprayed four 
times with a one-horse, four-row “ Aspinwall” sprayer carrying 
one nozzle per row. The dates of spraying were August 7, 16, 26 
and September 9. The bordeaux used was of the 5—5—s5o formula, 
the water required being pumped by hand from a well within a few 
rods of the field. There were three check rows, 600 feet long by 33 
inches wide. On July 31 the enttre field was treated with paris 
green in water. Subsequently, pais green was used with the 
bordeaux in all four sprayings while on the check rows it was ap- 
plied only twice — August 7 and 16. Throughout the season the 
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field was practically free from all kinds of insect and fungus pests 
excepting bugs, but these did no more damage to the unsprayed 
rows than to the sprayed ones. 


The items of expense were as folluws: 


amen per. ctiphate: (A) SC. sess. dgeccsatls.adle SIR eek $5 60 
EET, DES acca rcsvaie sorb atcechats tele’ «0 arog aA 5 Ns RAO wt OL HR 70 
Re IEW HOC OUD) LOCK echt aiclteotice « Gdpialardin ruvtahalee hue Fa aE P20 
SPEEDY TGNT CHPWETI EW ES Clr! oe voeaes. «Lda vgetonslevapunctassl-a arden! vlareceavedadnns 4 50 
EE EEeT AURAL CUNT ORG UU Oi PE ais . Gigty dees ola ends) ve %e Leelee end ent orienions 2 40 
Se I ea Ef ee cyano case bo oer ch nfo at aAalhay wer cas Ven re habe iu hcbesgbedys 3 00 
Pemeecemenaurcts tepals, 6tC.)% 2215 ).e8 PS . 2 Yaisy» Saud. Délh. .gendx I 50 

ME a BBS ay fede oo EE Niobe ko cara weeds oie, Semcrrney Sarispey ed oa Ps ake $24 99 


The yields on the test rows were as follows: 

Average of two sprayed rows, 461 lbs.=202.8 bu. per acre. 

Middle unsprayed row, 431 |lbs==189.6 bu. per acre. 

Gain due to spraying, 13.2 bu. per acre. 

In Ogdensburg, the market price of potatces at digging time was 
80 cents per bushel. At this price the increase would have a value 
of $10.56 per acre. After deducting the expense of spraying, $6.22 
per acre, there remains a net profit of $4.34 per acre. 


THE CHATEAUGAY EXPERIMENT. 


Conducted by Oliver Smith & Son, Chateaugay, N. Y. Seven 
acres were sprayed four times with a one-horse, four-row “ Iron 
Age” sprayer carrying one nozzle per row. The dates of spraying 
were July 16, August I, 22 and jSeptember 2. The bordeaux 
(6-6-50 formula) was prepared with water pumped by horse 
power from a well at one side of the field. In the first two spray- 
ings arsenite of soda, stock solution, was used with the bordeaux at 
the rate of two quarts to 50 gallons. There were two checks of 
three rows each, both in the variety Uncle Sam. These received 
two applications of paris green— July 17 and August 8. The 
sprayed rows outlived the unsprayed ones by nearty a month. 
Early blight, late blight and flea beetles were all factors in this 
experiment. The longer life of the sprayed rows was plainly due to 
their protection against these pests. No rot was found at digging 
time. 
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The expense account contained the following items: 


175 lOs;;copper Stlphate ( OveC 2, cci eee ee $11 38 
LH Nig oye Arai ooursiie Sy PN er 4. GM gt gh AE hae Oe 115 
BBN bsedl “SOda (DBC aeee foie Casket ee ke cae 2 a 96 
Sribsh white arsenic’ (Se. Ny eis ss cake + oe ee eee 64 
1wsi4ehrs. labor. for: man) (@\20c.. 0). aan « &. ee 3 10 
1665 hrs: labor for: HOYSe W@, WOCts. dae 2500 eee I 55 
Witat) Of -SPrayeria. dus ss ce cic ck cn a an ania oe 10 00 

otal enc s Ave Sicakd nico a's wakes kein, « Smee On Sg SAR ean a $28 78 


In one. case the test rows were 1050 ft. x 37 in.; in the other 
934 it. x 37 in. The yields were as follows: 


Test No. 1— Two sprayed rows, 1526 lbs.=171 bu. per acre. 
Middle unsprayed rows, 554 lbs.=124.2 bu. per acre. 

Gain from spraying, 46.8 bu. per acre. 

Test No. 2.—Two sprayed rows, 1250 lbs.==157.5 bu. per acre. 
Middle unsprayed row, 477 lbs.=120.2 bu. per acre. 

Gain from spraying, 37.3 bu. per acre. 

Average gain in the two tests, 42 bu. per acre. 


At 50 cents per bushel the gain has a market value of $21. After 
subtracting the expense of spraying, $4.11 per acre, there remain¢ 


a net profit of $16.89 per acre. 


THE PLATTSBURGH EXPERIMENT. 


Conducted by Pardy Bros., Plattsburgh, N. Y. Eleven acres 
(variety unknown) were sprayed with» bordeaux mixture four 
times — July 16, 29, August 2 and about August 16. Before spray- 
ing was begun the entire field was treated (July 12) with arsenite 
of soda solution in lime water to control bugs. Further treatment 
for bugs consisted in the use of arsenite of soda with the bordeaux 
in three sprayings. The spraying was done with a two-horse, six- 
row “Aroostook” sprayer carrying one nozzle per row. The 
bordeaux was of the 66-50 formula. The water was pumped by 
hand and hauled about 100 rods. There were three check rows, 
354 feet long by 32 inches wide. These received three applications 
of poison (July 16, 31 and August 9); also the bugs were removed 
from them by hand once (August 2). The unsprayed rows died 
about a month earlier than the sprayed ones. The cause of this is 
not entirely clear. Unfortunately, the writers were unable to ex- 
amine the experiment during August and September. The un- 
sprayed rows were more injured by early blight and also by bugs 
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although so far as bugs are concerned the experiment seems to have 
‘been a fair one. There was no rot. 
The expense account contained the following items: 


DE EEC OCT SUL NATC, (7 Cae oe eid cls ae os teeta Gas ee ein be $21 84 
EMMETT LST ee Ary tors le ctarclatate's ots ctu oc he aloea tte I «ata eee 2 00 
MIMS UE SOCACHG? (DCO alia si ke nae es « Vole e REY cee se eat 50 
PMRW ILE PALSEIMCy (Oe TICs axing iasin. lolitas <ahitestet secs valeatclale 3 30 
RT OTe TOr atl (Ce hii SO. gk s . «cee sacs ae ts gat wee ens wee 6575 
fermtiays (anor foreman and horse (@) $3:75. 0. ccc cect ss deme ee 16 25 
SOR MEE LATE eee a Saas s,s cal ac s\n alaistelviain Sooke igs o’el enw me’ Os 7 00 

TE eres he ee wees SAT OSG de Rie Mas opera oe oe $57 64 


The test rows gave the following yields: 


Average of two sprayed rows, 373 lbs.==286.8 bu. per acre. 
Middle unsprayed row, 197 |lbs.===151.5 bu. per acre. 
Gain due to spraying, 135.3 bu. per acre. 


The market price of potatoes being 65 cents per bushel 135.3 
bushels would have a value of $87.94. Deducting the expense of 
spraying, $5.24, there is left a net profit of $82.70 per acre. 


THE GREENWICH EXPERIMENT. 


Conducted by P. C. Billings, Greenwich, N. Y. Ten acres of po- 
tatoes were sprayed all over three times and six acres were given 
a fourth application. The sprayer was a two-horse, six-row “ New 
Model Aroostook” carrying one nozzle per row. In the first spray- 
ing 4-4—-50 bordeaux was used; in the later ones, 6-6—50 bordeaux. 
The water used was dipped from a tank filled by a windmill. It 
had to be hauled about 75 rods. Paris green was used with the 
bordeaux in three sprayings and the entire fiell was treated twice 
besides with paris green in lime water (one pound to 50 gallons). 
The three check rows, 665 x 3 feet, were treated four times with 
paris green — June 20, July 1, 13 and 23. The dates of spraying 
with bordeaux were June 29, July 10, 23 and August 14. The 
contrast between sprayed and unsprayed rows was not great, but 
toward the close of the season it was plain that the unsprayed 
plants had lost more of their lower leaves. However, both sprayed 
and unsprayed plants carried some green foliage through to frost. 
They suffered but little from insect or fungus enemies of any kind. 
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The items of expense were as follows: 
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Where the test rows were located, the potatoes were of the Twen- 
tieth Century variety. The yields were as follows: 


Average of two sprayed rows, 486 lbs==176.8 bu. per acre. 
Middle unsprayed row, 426 Ibs.==155 bu. per acre. 
Increase in yield due to spraying, 21.8 bu. per acre. 


Notwithstanding the freedom of the plants from insects and 
blight, spraying proved profitable. The market price of potatoes at 
the time of digging the test rows was 50 cents per bushel. Ac- 
cordingly, the value of the increased yield was $10.90. Subtract- 
ing the expense of spraying, $5.24 per_acre for four sprayings, we 
have left a net profit of $5.66 per acre. 


THE BREWSTER EXPERIMENT. 


‘Conducted by E. F. Hayt, Brewster, N. Y., who sprayed 6 acres 
twice (July 17 and 26) using a one-horse, home-made, four-row 
sprayer pumped by hand and carrying one nozzle per row. In the 
first spraying, 4-4—50 bordeaux was used; in the second, 6-4-50. 
Arsenite of soda stock solution was used with the bordeaux in 
both sprayings. In addition, hills here and there were dusted with 
paris green as needed. There were three check rows, 371 x 3 ft. 
These were treated with paris green four times — July 3, 13, 7 and 
30. The season being a very dry one there was very little blight. 
Flea beetles injured both sprayed and unsprayed plants considerably 
and their ravages were not checked in the least by spraying. There 
was absolutely no contrast between sprayed and unsprayed rows. 
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The expense account contained the following items: 
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EEOC R aver GUA Ce hank (hae « srr aku vecics is ews ded I 00 
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The test rows (Twentieth Century) yielded as follows: 


Average of two sprayed rows, 203 lbs.=122.3 bu. per acre. 
Middle unsprayed row, 225 lbs.==135.5 bu. per acre. 
Loss, 13.2 bu. per acre. 


Believing that there had been no late blight Mr. Hayt was sur- 
prised to find many rotten tubers — 33.7 bu. per acre on the sprayed 
rows and 39.1 bu. on the unsprayed. Probably, there was a light 
attack of late blight late in the season. Perhaps a couple of ad- 
ditional sprayings would have prevented this and made the spray- 
ing profitable. Why the unsprayed rows outyielded the sprayed 
ones is not known. It can scarcely have been due to the spraying. 
With potatoes at 80 cents per bushel and the expense of spraying 
$2.32 per acre the apparent loss was $12.88 per acre. 


THE JAMESPORT EXPERIMENT. 


Conducted by Henry A. Hallock, Jamesport, Long Island, seven- 
teen acres of potatoes (in two lots) were sprayed five times. The 
sprayer used was a one-horse, four-row “ Hudson”’ sprayer carry- 
ing two nozzles per row. The dates of spraying were July 1, 13, 
25, 31 and August 7. The water used in preparing the bordeaux 
was pumped with a gasoline engine and hauled from 10 to 8o rods. 
In the first two sprayings paris green was used with the bordeaux. 
The four check rows in each lot were treated with paris green 
twice — July 1 and 13. The unsprayed rows died two weeks earlier 
than the sprayed ones owing to the ravages of flea beetles which 
had been much lessened by spraying. There was no blight or rot. 
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The expense account contained the following items: 


g4Gh lbs. ‘copper -sulphate>(@, 8s. /. noe eee <span oe $27 20 
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In both lots the test rows were of the variety Green Mountain. 
In Lot No. 1 the rows were 718 x 3 ft.; in Lot No. 2, 692 x 3 ft 
The yields were as follows: 


Lot. No. 1— Two sprayed rows, 1650 lbs.===278 bu. per acre. 
One of middle two check rows, 703 lbs.==236.9 bu. per acre. 
Increase in yield due to spraying; 41.1 bu. per acre. 

Lot No, 2.— Two sprayed rows, 956 lbs.=167.1 bu. per acre. 
One of middle check rows, 453 Ibs.==158.4 bu. per acre. 
Increase in yield due to spraying, 8.7 bu. per acre. 


Combining the results obtained in the two tests we find an aver- 
age gain of 24.9 bu. per acre. The market price of potatoes in 
Riverhead being 7244 cents per bushel!® at digging time the gain 
has a value of $18.05. After deducting the expense of spraying, 
$4.41 per acre, there remains a net profit of $13.64 per acre. 


THE SAGAPONACK EXPERIMENT. 


Conducted by Paul Roesel, Sagaponack, Long Island, who 
sprayed 34 acres of potatoes (variety, Green Mountain) ten times. 
The sprayer was a two-horse, five-row “ Brown” sprayer carry- 
ing one nozzle per row. The bordeaux used in this experiment 
was soda bordeaux (6 lbs. copper sulphate, 7% Ibs. sal soda and 
50 gals. water). There were two four-row checks. The sprayed 
portion of the field received two applications of paris green with 
bordeaux (3 lbs. to 50 gals.) in the first two sprayings and the 
checks, also, were treated with paris green twice (June 27 ,and 


* Seventy cents per bushel when the test rows in Lot No. 1 were dug and 
75 cents when those in Lot No. 2 were dug, making the average price 72% 
cents per bushel. 
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July 5). Bugs were kept well under control. There was little 
if any blight and no rot in this experiment, but there was a severe 
attacks of flea beetles which were considerably checked by the 


spraying. 


The expense account included the following items: 
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Imetest No, I the rows were 060 x 3 it.; in, Fest No. 2, 801 x 3 
ft. The yields were as follows: 


Test No. 1— Two sprayed rows, 2490 lbs.=313.7 bu. per acre. 
Average of two check rows, 1010 lbs.==254.5 bu. per acre. 
Increase in yield due to spraying, 59.2 bu. per acre. 

Test No. 2.— Two sprayed rows, 2000 lbs.==271.5 bu. per acre. 
Average of two check rows, 717.5 lbs.=194.8 bu. per acre. 
Increase in yield due to spraying, 76.7 bu. per acre. 

Average increase in the two tests, 67.9 bu. per acre. 

At 70 cents pér bushel!! 67.9 bushels have a value of $47.53. 


After deducting the expense of spraying, $10.13 per acre, there 
remains a net profit of $37.40 per acre. 


SUMMARY OF BUSINESS EXPERIMENTS IN 1907. 


The principal features of the fourteen farmers’ business experi- 
ments are shown in the following table: 


™ Between the time of digging Test No. 1 and Test No. 2 the market 
price of potatoes rose from 60 to 80 cents per bushel. Hence, the average 
price of 70 cents is used. 
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TABLE XVJ.— SHOWING RESULTS oF BUSINESS EXPERIMENTS IN 1907. 








Total Cost 

; Number Increase Net 
EXPERIMENT. irish of times in yield ee ore Be enn profit per 

. sprayed. per acre. per eee spraying. acre. 

Acres. Bu 

Batavia. sees 13 4 8.9 $3 63 $0.91 $3 04 
GensSeorteciath sbie Lig 6-7 1.5 LSwOd Take —12 62 
AndoVerue den ee ae 5 5 38.8 4 67 93 14 73 
Interlaken... 8.25 4 al 4-55 1 14 12 50 
East Syracuse... 4 6 42 6 93 i at Us 24 57 
Veronal cud tee 10 2 51 4 00 2 00 SLA 
Denmark... 6 5 50.2 7 84 ale ay7/ 17 26 
Ogdensburgh . 4 4 eae 6 22 area! 4 34 
since Oat aa fi 4 42 Auth ee MO 16 89 
Plattspurel 7, eee 11 4 135.3 5 24 esa 82 70 
Greenwich.. 10 3-4 21.8 5 24 1aSt 5 66 
Brewster. sone ie 6 2 Siew eye 1 16 —12 88 
Jamesport. ae iW 5 24.9 4 41 88 13 64 
pavaponacke 2) ue 34 10 67.9 TORS Lox 37 40 








SUMMARY OF BUSINESS EXPERIMENTS, 1903-1907. 


The following table shows the results of the farmers’ business 
experiments for five years, 1903 to 1907 inclusive: 


TABLE XVII. SHOWING RESULTS oF BUSINESS EXPERIMENTS, 1903-I9QO7. * 


_— 








Average Average 

Number Total Average total cost Average 

YEAR. of experi- area picker cost of per acre net profit 
ments. sprayed. aie spraying for each per acre. 

Ponty per acre. | spraying. , 
A Bu. 

LOO33R Re ae eee 6 O12 ae $4 98 $1 07 $23 47 
LOOSE BPE Bon 14 180 62.2 4 98 93 24 86 
LOUD A eet ee aos 13 160.7 46.5 4 25 98 20 04 
TOOG ee 8 caidas 15 225.6 42.6 5 18 9 85 13 89 
VETO es AGE, ees Mire ae tells 14 TDZeco 36.8 5 90 ISLS L7L07 











Average increase in yield, for five years, 49 bu. per acre. 
verage net profit, for five years, $19.86 per acre. 


t Seven sprayings cost $13.37, but it should be observ ed (see p. 255) that each so-called 
application was in reality, 1% applications. Hence, the cost of a single application was $1.15, 
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VOLUNTEER EXPERIMENTS. 


The details of 24 tests made by growers in 1907 and reported to 
the Station are shown in Table XVIII, page 269. 


SUMMARY OF VOLUNTEER EXPERIMENTS, 1904-1907. 


The following table shows the results obtained in the volunteer 
experiments during the past four years: 


TasLE XIX.—SHowi1nc RESULTS oF VOLUNTEER EXPERIMENTS, 1904-1907. 
a ES SE AT TR ES RSS ETRE SRY SESS STESS Sf 











Average] 
Average market price 
YEAR Number of | Total area | gain peracre| per bushel 
experiments. | sprayed. due to of potatoes 
spraying. at digging 
time. 
A. Bu. ibs: Cts. 
1904. ee ae. t eetoiare o cake sickate dete > cas 41 364 58 28 - 43.5 
LOO erase escha Sort aac ancho Serene eee eae 50 407 59 32 57.0 
1906237. 85 Bd Se See th aia ares 62 598 53 6 44.5 
EL OO 7 cated terccualets Cho cinas ro cerece ee ares 24 264 30 28 58.0 


Average gain for 4 years (177 experiments) 50% bu. per acre. 


POTATO TROUBLES IN NEW YORK IN 1907. 


Owing to dry weather in midsummer there was very little late 
blight (Phytophthora) anywhere in the State. In some localities 
there was a light attack late in the season resulting in some loss 
from rot. Flea beetles were unusually abundant and because of 
the dry weather their attacks were very injurious to the plants 
causing the leaves to turn brown and dry up. There was also much 
tip burn due to dry weather alone. The chief troubles were flea 
beetles and dry weather. In many cases these troubles were mis- 
taken for blight. 


DIRECTIONS: FORsSPRAYING: 


The observations made in 1907 tend to confirm us in the opinion 
that potatoes should be sprayed five or six times during the season 
regardless of weather conditions. It is a mistake to discontinue 
spraying on account of dry weather. We see no reason for alter- 
ing the recommendations for spraying given in Bulletin No. 290, 
page 320. 
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REPORT OF CHEMICAL DEPARTMENT. 


PaEtALS OF PAYING FOR MILK AT CHEESE 
FACTORIES.* 


L. L.VAN SLYKE, 


SUMMARY. 


I. Introduction. The subject has been under discussion for about 
twenty years. The discovery of the Babcock test made practicable 
the introduction of the milk-fat basis. This method has been dis- 
placed in many cases, the chief and fundamental cause being the 
hostile attitude of the producers of milk poor in fat. 

2. The relation of fat in milk to cheese yield. Mulk rich in fat 
usually contains less casein in proportion to fat than does milk 
poorer in fat. On this account, a pound of fat in rich milk usually 
corresponds to less cheese than does a pound of fat in poorer milk. 

3. The relation of milk constituents to composition of cheese. 
The composition of cheese-solids (cheese minus water) depends 
practically upon the relation of fat and casein in milk. In cheese 
made from milk rich in fat, the proportion of fat in the cheese- 
solids is higher than in the case of cheese made from milk less 
rich in fat. 

4. The relation of the composition of cheese to its quality. Other 
things being equal, cheese containing a high proportion of fat in 
relation to cheese-solids is superior in quality and market value 
to cheese containing a smaller proportion of fat in its solids. This 
is supported by the results of the Wisconsin cheese-scoring con- 
test of 1908, and by work done at the experiment stations of Wis- 
consin, Iowa, Minnesota and New York. This view has been sup- 
ported and advocated by Dr. Robertson and others, of Canada, 
by Dr. Babcock and Prof. Farrington, of the Wisconsin experi- 


* A reprint of Bulletin No. 308. 4 We torr 
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ment station, and by many others who are recognized as authori- 
ties on such questions. While a pound of fat in rich milk is equiva- 
lent to less cheese than in the case of milk poorer in fat, the cheese 
made from richer milk is enough better in quality to make up for 
the slight difference in yield. 

5. Paying for milk on basis of weight. Under this system, each 
patron receives the same amount of money for 100 pounds of milk. 
While this method possesses the advantage of convenience and sim- 
plicity, it is open to the following objections: (a) It is unfair te 
the producer of richer milk. (b) It discourages progress in the 
production of better milk. (c) It encourages the watering and 
skimming of milk. (d) All things considered, it is the poor- 
est possible method of paying for milk for cheese-making. 

6. Paying for milk on basis of milk-fat. On this basis, each pat- 
ron receives the same amount of money for each pound of fat in 
the milk delivered by him. This method is objected to by pro- 
ducers of milk that is low in fat mainly on the ground that the per- 
centage of fat in milk is not generally a strictly accurate measure 
of the amount of cheese made from 100 pounds of milk. Ob- 
jections other than this, so far as they are worthy of consideration, 
have been easily met. This system possesses the following ad- 
vantages: (a) The amount of fat in the milk offers a practi- 
cable and just basis for ascertaining the cheese-producing value 
of milk when we consider both quality and quantity. (b) This 
method eliminates all temptation to skim or water the milk. (c) It 
encourages improvement in the character of milk production, which 
results in economy of production and increased profit. (d) It tends 
to raise the production and care of milk to a higher plane of in- 
telligence. 

7. Paying for milk on basis of cheese yield and relative value 
of cheese-solids. This method was proposed by Dr. Babcock. It 
considers the yield of cheese from different milks and the compo- 
sition of the cheese-solids, allowing for fat a value of 6.6 as com- 
pared with a value of 1.0 for the cheese-solids other than fat. 
Values are worked out which give figures, to be used in making 
dividends, corresponding to varying percentages of fat in milk. The 
chief objection urged against this method is that it requires, in ad- 
dition to the fat test, a determination of the specific gravity by the 
Quevenne lactometer. It possesses the general advantages offered 
by the simple milk-fat basis. 

8. Paying for milk on the “ fat plus two” basis. By this method 
the percentage of fat is increased by two and the results used the 
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Same as in making dividends on the fat basis. This system is an 
attempt to approximate the yield of cheese as a basis for making 
dividends. It allows payment for two pounds of casein, in addition 
to fat, in the case of all milks. The following objections are | 
made to this method: (a) It considers yield of cheese alone and 
not quality. (b) It does not recognize any casein in milk above 
2 per ct., though milks richer in fat are known to contain, in gen- 
eral, more casein than milks containing less fat. (c) This method 
is in the interest of the producer of poor milk at the expense of 
the producer of richer milk. (d) It offers a premium on water- 
ing and skimming milk. (e) It is in opposition to the teachings of 
Robertson, Babcock and many other recognized authorities, so far 
as it works in favor of poor milk at the expense of richer milk. 

9g. Paying for milk on basis of fat and casein. Under this system 
the percentages of fat and casein in each patron’s milk are added 
and the figures thus obtained are used in distributing dividends. 
This method has the advantages of being an accurate measure of 
cheese yield and of removing temptation to water milk. It has 
the following disadvantages: (a) When carried out in the most 
complete manner, it involves making a casein test in addition to 
a fat test, requiring extra time, labor and cost. (b) It does not rec- 
ognize any difference in the quality or value of cheese made from 
milks containing different percentages of fat. (c) It offers a temp- 
tation to skim milk. (d) It places the value of casein on a par with 
that of milk-fat, contrary to the teachings of Babcock, and encour- 
ages the production of milk with higher percentages of casein 
relative to fat. (e) From results obtained in applying this method 
to data obtained in case of a representative New York cheese-fac- 
tory, thé changes made in the distribution of dividends would be in- 
sufficient to justify the extra expense involved in making a casein 
test, in comparison with the milk-fat basis. 

10. Modification of fat and casein basis. If casein were assigned 
one-fourth the value of milk-fat, in harmony with Babcock’s rela- 
tive value-plan for cheese yield and solids, and if this value, added to 
that of milk-fat, were used in making dividends, we should get re- 
sults essentially like those given by the milk-fat basis. Under such 
circumstances, the cost of making a casein test would be practi- 
cally thrown away. 

II. Payment on basis of milk-fat and calculated casein. The 
percentage of casein in milk can be approximately calculated when 
the percentage of milk-fat is known. Casein thus estimated could 
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be used with fat in making dividends without the cost of a casein 
test. Such a method considers only quantity and not quality of 
cheese but, apart from this fundamental weakness, possesses the 
following advantages: (a) It is preferable to the fat-and-casein 
method, in that no extra expense is required for making a casein 
test. (b) It 1s more fair than the “ fat plus two” method, since 
richer milk would be credited with more casein than poorer milk. 
(c) All temptation to water or skim milk would be wholly elimin- 
ated. (d') No additional labor is involved in making dividends, as 
compared with the milk-fat basis. 

I2. Suggestions to New York dairymen. (a) The exclusive use 
of the milk-fat basis is advised. (b) The distribution of dividends 
on the exclusive basis of weight of milk should be abandoned. (c) 
When it is impossible to introduce the simple milk-fat basis, some 
modification may be used such as described above in paragraphs 7, 
11, or 8, preference being in the order given. (d) The introduction 
of a casein test, in view of the absence of facts proving its practi- 
cability, is not advisable at present. 


INTRODUCTION. 


Methods of paying for milk at cheese-factories have been under 
more or less constant discussion for about twenty years. Shortly 
before the year 1890, some question was raised as to the fairness 
of paying for milk at cheese-factories by weight. Two factors 
worked against the realization of any practical results coming from 
such discussion: (1) Lack of knowledge regarding the relation of 
milk-constituents to yield and quality of cheese, and (2) the need 
of a practicable method for determining any of the cheegse-mak- 
ing constituents of milk. In 1890 Dr. Babcock furnished his method 
of determining fat in milk, and then the discussion soon centered 
about the use of fat in milk as a basis for paying for milk used 
in cheese-making. The application of the test in the case of butter- 
making was at once understood and utilized; but, in conection with 
cheese-making, it was known that two constituents are concerned, 
fat and casein, and the question was therefore more complicated 
than in the case of butter-making where only fat is concerned. 
During the years 1891 to 1895, a large amount of investigation was , 
carried on, especially at this Station, which resulted in giving us 
such a comprehensive and systematic knowledge of the relations 
of milk-constituents to cheese as had not been possible previously. 
In general, it was shown that, while the amount of fat in milk is 
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not an absolute guide in respect to the yield of cheese from milks 
containing different amounts of fat, it is a very much more accurate 
index than the mere weight of milk; and that, while, in case of milks 
containing higher percentages of fat, the yield of cheese is usually 
less for a pound of milk-fat than in the case of milk containing 
lower percentages of fat, the cheese made from the richer milk 
is of more excellent quality and has a higher commercial value. 

The fat basis began to be introduced into actual cheese-factory 
work about 1892, and its use spread quite rapidly during the next 
few years. This method was at first received with considerable en- 
thusiasm. After a few years a reaction gradually took place and 
the system was abandoned in many factories, which went back to 
the old method of paying for milk by weight only. There are sev- 
eral reasons why the fat basis in paying for milk for cheese-mak- 
ing has experienced its up and downs, like every other reform 
movement, and we will notice some of the most prominent of these. 

(1) Wherever the fat basis replaced the weight-of-milk method, 
the change affected the dividends of different patrons in different, 
ways. Those furnishing milk containing percentages of fat above 
the average received more money for their milk, while those fur- 
nishing milk containing percentages of fat under the average found 
their dividends reduced. Therefore, the owners of cows giving 
milk low in fat were bitterly disappointed and exercised their in- 
genuity in discovering reasons why the fat basis was objectionable 
and unfair. The attitude of the producer of poor milk is, of course, 
the fundamental reason why the fat basis has been abandoned in 
some cases where it had been introduced. The other objections 
raised were subordinate to this one, though some of them had, per- 
haps, some real basis, though only temporary and exceptional. 

(2) The reliability of the Babcock test was attacked and the ac- 
curacy of its results called into question.. The points of objection 
raised on this ground were: (a) That the Babcock method of test- 
ing milk for fat is unreliable under all circumstances; (b) that, 
while the method, when properly handled, is accurate, cheese-makers 
are careless or inefficient in operating the test, and their results are 
therefore inaccurate; (c) that the glassware was not always ac- 
curately graduated and consequently gave incorrect results; (ud) 
that cheese-makers deliberately gave some patrons higher results 
than those indicated by the test. The general charge of inaccuracy 
of the test itself was, of course, prompted by ignorance or malice 
or both. There was probably once some justification for the charge 
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of carelessness and inefficiency against operators of the Babcock 
test; for it was undoubtedly true to some extent that cheese-makers 
attempted to employ the method who had not been properly in- 
structed in its use nor acquired the requisite accuracy of manipula- 
tion. ‘There was at one time a strong disposition to over-empha- 
size the extreme simplicity of the Babcock test and to lose sight 
of the fact that even so simple a method requires careful atten- 
tion to every detail and that certain precautions must be strictly 
observed. It was also true that some manufacturers became care- 
less and put on the market glassware that was inaccurate. This 
difficulty has been effectively overcome in most of the prominent 
dairy states by an official testing of all graduated glassware used 
in the Babcock test, before it is placed on sale. The charge that, 
in some cases, cheese-makers have wrongly manipulated the test 
in the interests of favored patrons, has some foundation. Such 
an abuse constitutes no real basis of objection to the method of 
paying for milk on the fat basis, because no method can be devised 
which cannot be similarly abused. Such a practice is indulged 
in at great risk, because it is not difficult of detection. Moreover, 
the possibility of such abuse is effectively and easily overcome by 
having a committee of patrons supervise all testing of milk. 

(3) Many cheese-makers object to the added work involved, 
even when paid for it. An unwilling cheese-maker can easily in- 
fluence patrons against the method. 

(4) Another cause for the discarding of the fat nage in many 
cases was the confusion introduced by proposing some modification 
of the method in the interest of the producer of poorer milk, a 
point which we will consider more fully later. 

The subject has been discussed in many of its aspects in two 
bulletins of this Station, No. 68 (March, 1894) and No. 110 (Oc- 
tober, 1896). These bulletins have been out of print for some 
years. New phases of the question have arisen, which have awak- 
ened inquiries among those interested in cheese-making. It has, 
therefore, seemed desirable that the whole subject should be pre- 
sented anew. 


SOME FUNDAMENTAL CONSIDERATIONS. 


Before discussing in detail the various methods which have been 
proposed for the purpose of paying for milk at cheese-factories, 
we will present some fttndamental considerations, which form an 
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essential basis in enabling us to pass judgment upon the methods 
in question. 


(1) The relation of fat in milk to cheese yield. 
(2) The relation of milk-constituents to composition of cheese. 
(3) The relation of the composition of cheese to its quality. 


ti RELATION... OF (/FATSRIN, MILK ~1Q)\(MEESE YIELD; 


Much study has been given, especially at this Station, to the 
quantitative relations existing between the percentage of fat in 
milk and the yield of cheese, or the amourt of cheese correspond- 
ing to one pound of fat in milk. The relation is a very simple one 
to calculate and is found by dividing the number of pounds of 
cheese made from 100 pounds of milk by the number represent- 
ing the percentage of fat in milk. For example, the yield of cheese 
from 100 pounds of milk containing 3 per ct. of fat is 8.31 pounds; 
the ratio of milk-fat to cheese yield is, therefore, 8.31--3, which 
equals 2.77; that is, in this case, one pound of fat in milk is equiva- 
lent to 2.77 pounds of cheese. In the case of milk containing 4 
per ct. of fat and producing 10.60 pounds of cheese for 100 pounds 
of milk, each pound of fat in milk is equivalent to 2.65 pounds 
of cheese. 

The study of this relation was first undertaken at this Station 
to ascertain whether a pound of fat in all normal milks is equiva- 
lent to the same amount of cheese. The bearing of this point upon 
the use of fat in milk as a basis of paying for milk at cheese- 
factories is obvious. If a pound of fat in milk were always equiva- 
lent to the same amount of cheese, then no question could arise 
as to the strict accuracy of a milk-fat basis in making dividends. 
If the amount of cheese made for a pound of fat in milk varies, 
then the fat could not be regarded as a strictly accurate measure 
of cheese yield, and other points than yield would need to be con- 
sidered, such as the quality of the cheese, in measuring the value 
of milk for cheese-making. 

Our work has shown that the yield of cheese is chiefly depend- 
ent upon two constituents of milk, casein as well as fat. It is ob- 
vious that if fat and casein were always present in milk in the 
same relative proportions, then the yield of cheese would always be 
in the same uniform ratio to milk-fat. But we have found that 
the ratio of fat and casein in milk varies considerably and, for 
this reason, the ratio of milk-fat to yield of cheese must also vary. 
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It is a matter of practical interest and importance to know what 
the extent of such variations may be. 

Taking milk as it averages, we find the following variation of 
relation between fat and cheese yield in normal milks containing 
different amounts of fat. The cheese yield is based on a uniform 
percentage of water in the cheese, 37 per ct. 


TABLE I].— Ratio oF Fat to CHEESE YIELD IN NORMAL MILK. 
| Pace a RRP a AT I SE ENS SLE SY SE I FE ET Se OE DEEP RIESE ALAS 
Amount of cheese 


made for each 
pound of fat 


Amount of cheese 
Fat in milk. Caseinlin milk. made from 100 
pounds of milk. 


in milk. 
Per ct Per ct Lbs Lbs. 
3.00 Zou 8.30 PAST Gr 
3.20 220) 8.88 ye be 
3.50 2200 9.45 2.40 
Sao 2.40 TOZ03 PAO 
4.00 2.50 10.60 2.65 
4,25 2.60 Ui bya BY 2.63 
4.50 2.70 11.74 2.61 
4.75 2.80 12-31 2.59 
5.00 2.90 12.90 2.58 





Casein, as we have shown, does not increase as rapidly as fat 
does in milk, and, therefore, milk richer in fat usually contains 
less casein in proportion to fat than does milk less rich in fat. In 
harmony with this condition and as a result of it, the amount of 
cheese made for a pound of milk-fat decreases as the percentage 
of fat in milk increases. This is clearly shown in the preceding 
table. 

‘An interesting fact shown in this table is that the rate of de- 
crease of the ratio of fat to cheese yield is less rapid as the per- 
centage of fat in milk increases. Thus, in the case of milks con- 
taining 3 and 3.25 per ct. of fat, the decrease of cheese yield in rela- 
tion to fat is from 2.77 to 2.73, a difference of 0.04 pound; be- 
tween 3.25 and 3.50, and also between 3.50 and 3.75, the decrease 
is 0.03; for each 0.25 per ct. of increase of milk-fat; from 3.75 
to 4.75 per ct., the decrease in the ratio is only 0.02; and between 
4.75 and 5.00 per ct., the decrease is only o.o1. This is explained 
by the well-known fact that, in the case of milk rich in fat, a 
smaller proportion of the fat is lost in cheese-making than in the 
case of milk poorer in fat. 


THE RELATION OF MILK CONSTITUENTS TO COMPOSITION OF CHEESE, 


The composition of the solids of cheese (cheese minus water) 
depends practically upon the relation of fat and casein in milk. 
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Milk rich in fat, as compared with milk poor in fat, usually pro- 
duces cheese containing more fat in proportion to other constitu- 
ents. The composition of cheese depends primarily upon the com- 
position of the milk used, provided the process of cheese-making 
is performed in a normal manner, so as to avoid excessive loss 
of fat or casein. In this connection we shall discuss the relation 
of composition of milk to composition of cheese (a) in case of 
normal milk, (b) in case of skimmed milk, and (c) in case of 
milk containing added cream. | 

Composition of checse from normal milk.— The composition of 
green cheese, in case of normal factory milk, as made in New York 
State, shows the following range of variations and general average 
as determined by extended investigations carried on by this Station. 


TABLE II.— CoMPposITION oF GREEN CHEESE. 


SS a EE SS ST SE SS SS RA Sa 




















Lowest. Highest. Average. 

Per ct. Per ct. Per ct. 
er emt Sekt crit fal Ram ce Hei tae ayaa a ae) id Ag, Cesta 32.69 43.89 36.84 
SiaidmesOituse tt on es ee fe ee ee a es eee Cen 56.11 67.31 63.16 
TELUN oon, 2 gap a Mis il ae PC Pe eo death A oe be AR RRR A 30.00 36.79 33.83 
TPARAIEIE TIS he, dt a aR pe ee Seapets nnn | Pe ED ea a 20.80 26h 23.72 
Moe lCH TENresented im ASH Nok o.0 6 oa ae eelolg hla rcte ubaynes 3.12 | 7.02 5.61 
Percentage Of solids in form of, fate... ji. tr. Oe 8 50.39 56.83 53.56 
PREMUOL et ACME PLO TCLIIS atk 6 aware chal ecko clade eexokddidcdshs hae die fhe Oa 749, Le) O63 1: 0.70 
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We can illustrate differences in composition of cheese made from 
normal milks differing in composition by taking cheese made from 
the milk of different breeds of cows. For this purpose, we will 
use the composition of milk as found in case of four different 
breeds. 


Taste III.—  Comparsion or CHEESE MApE FROM MILK OF DIFFERENT 

















BREEDS. 
| SO Se a Se ee ee 
; Percentage : 
Breen its Fat in Proteins of total solids i ch i 
HtGasel cheese. in cheese, ~e wa pebteind 
Per ct. te ak Per ct. Per ct. Fat: Proteins. 
Holstein Friesian.... 63 .00 34.1 23 .6 54.3 LOGO 
NAT HILE «eyes ches beer 63 .00 34.5 2000 54.8 le: 0.67 
CGMETTIGE MES ovouclarn «chs 63.00 B00 20.8 faked ads TESORO 
JISSSEN As SIR eee 63.00 oO 20.4 60.0 120554. 
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The difference in composition is very clearly seen especially if 
we notice the percentage of the cheese-solids present in the form 
of fat and the ratio of fat to proteins as shown in the last two 
columns. 

The following table extends the illustration systematically to 
ordinary milks containing different percentages of fat. We may 
regard these as representing milks of different herds. 


Taste IV.— CoMposiTION OF CHEESE MApE FROM MILKS oF DIFFERENT 
COMPOSITION, 


| a a a EE RS RE SI ETE ET, EEE SR TE SEE REESE SS 





Percentage | : 
Fat in Cheese Fat in Proteins of total ag of 
milk. solids. cheese. in cheese. solids in a oh 

form of fat. Oe 
Per ct. Per ct. Per ct. Per ct. Per ct. Fat: Proteins 
3.00 63.00 35.4 24.1 63.5 Les0nw2 
Sowen 34.1 cou 54.0 ra O Yaoe dt 
3.50 s 34.5 Zane 54.6 Ls: 0.68 
4 Pa: Fé 34.8 23.0 O52 10266 
4.50 . Soak PRT 55.7 1210765 
4.25 ie 35.4 22.4 56.2 Ts OnGe 
4.50 S Sys Pade dO.7 L062 











These tables strikingly indicate that, as milk increases in per- 
centage of fat, the cheese made from such milk increases in percent- 
age of fat and decreases in percentage of proteins. The compo- 
sition of the cheese-solids follows the composition of the milk as 
shown in the relation of fat and proteins. 

Composition of cheese made from skimmed milk.— The removal 
of fat from milk reduces the amount of fat in relation to casein, 
because, in skimming milk, only a relatively small amount of casein 
is removed with the fat. The remaining skim-milk is therefore 
richer in casein relative to fat, the ratio increasing with the amount 
of fat removed. The effect of skimming milk upon its composi- 
tion of cheese is illustrated in the two following tables. The data 
are based upon (1) normal milk containing 4 per ct. of fat; (2) re- 
moval of fat alone without other constituents; (3) a uniform per- 
centage of casein in skim-milk, and (4) a uniform percentage (37) 
of water in cheese. While the data represent theoretical con- 
ditions, the results are not far from the truth in practical applica- 
tion and they serve satisfactorily to illustrate the point we desire 
to impress. 
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TABLE V.— EFFECT OF SKIMMING MILK or CoMPOSITION oF MILK AND YIELD 
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TABLE VI.— ErFFect oF SKIMMING MILK oN COMPOSITION OF CHEESE. 
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In making cheese from skim-milk, the yields given are lower than 
those obtained in commercial work, because here we allow for 
only 37 per ct. of water, while commercial skim-milk cheese never 
contains so little moisture but usually from 40 to 55 per ct., the 
moisture held in cheese increasing as the percentage of fat in skim- 
milk decreases. In comparing the results in this table with those 
in the table on page 282, in which the composition is shown of 
cheese made from milk low and high in fat. we see that the differ- 
ence there is the same in character as that brought about by par- 
tially skimming whole milk. For example, by skimming from 100 
pounds of Jersey milk, containing 5.78 per ct. of fat, 1.25 pounds 
of fat, thus reducing the fat to 4.53 per ct. the resulting milk and 
cheese will then be essentially the same in composition, in relation 


* Normal milk. + Separatior skm-milk, 
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to cheese-solids, as the normal Holstein-Friesian milk as shown 
by the following table: 


TABLE - VII.-— Comparison oF NorMAL MILK AND PARTIALLY SKIMMED 
RicH MILkK. 
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Of course, the same result could be accomplished by adding 
skim-milk to milk rich in fat. 


There is another way of comparing milks which, like these, are 
poor and rich in fat. Thus, how much fat would it be necessary 
to add to the Holstein-Friesian milk to have it make cheese like 
that made from Jersey milk? Calculation shows that nearly one 
pound of fat would need to be added to 100 pounds of the Hol- 
stein milk, which is thus shown: 








Ratio of fat 
to casein 
Fat: Casein. 


Percentage of 
casein in milk. 


Percentage of 
Fat in milk. Fat added. fat in 
enriched milk. 


It can, therefore, be seen that the differences existing between rich 
and poor milk are, so far as relates to the composition of the 
cheese made from them, such as can be adjusted by removing 
fat from the rich milk or adding skim-milk to it, or by adding fat 
to skim-milk. The difference in milk poor in fat which makes the 
fat go farther in making cheese is a difference which may 
be characterized, in a general way, as a skim-milk difference, be- 
cause it depends upon a relatively lugh proportion of casein. 

Composition of cheese made from milk containing added cream. 
—Addition of cream to normal milk affects the cheese made from 
such milk in a way directly opposite to that produced by skimming; 
that is, it increases the proportion of fat in cheese in relation to 
‘proteins. A single illustration will suffice. We give the composi- 


New York AGRICULTURAL EXPERIMENT STATION. 285 


tion of cheese made from normal milk containing 4 per ct. of fat 
and also from the same milk after its fat content has been in- 
creased to 6 per ct. by the addition of cream. 


TABLE VIII.— CoMPosITION oF CHEESE MaApE From MILK CONTAINING 
ADDED CREAM. 
a SS EE 
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THE RELATION OF THE COMPOSITION OF CHEESE TO ITS QUALITY. 

In the preceding discussion, it has been demonstrated that cheese 
made from milk rich in fat contains relatively and actually more 
fat and less proteins than cheese made from milk poor in fat. 
Two such cheeses, made with equal skill, the milk being uniform in 
every Way except in composition, show a marked difference in com- 
mercial quality; and the one having the larger percentage of fat 
would be declared to be superior in quality. This has been demon- 
strated in practical ways by the experiment stations of Wisconsin, 
Iowa, Minnesota and New York; and their work, the first to be 
done along these lines, has been supplemented and confirmed by 
the work of others. It has been found generally true that cheese 
made from milk containing added cream is superior in flavor and 
texture to that made from ordinary normal milk; and that made 
from normal milk is superior in flavor, texture, body and keeping 
quality to cheese made from skim-milk. 

Variation in quality in cheddar cheese follows more or less closely 
the relation of fat to proteins in cheese; the larger the proportion 
of fat, the better, in general, the quality of cheese and the higher 
the market value. This fact is, of course, associated with, and de- 
pendent upon, the function that milk-fat performs in cheese, that 
of imparting smoothness of feeling, mellowness of body, richness 
and delicacy of taste and palatability. Bearing on this particular 
point the late Henry E. Alvord makes the following statement :1 
“Other things being equal, a cheese containing a large percentage 
of fat is better, because, first, of its finer flavor and taste; second, 


*U. S. Dept. Agr. Year Book 1895: 471. 
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of its better consistency; third, of its improved aroma; fourth, of 
its increased digestibility; fifth, of its more perfectly answering 
the requirements of a complete food or balanced ration.’ In this 
connection, it is interesting to learn that in Germany the custom 
of selling cheese according to the percentage of fat contained in it 
is rapidly coming into use. 

While the view expressed above is very generally held and is 
based upon experimental work, there have been no extensive com- 
mercial opportunities for demonstrating the matter in a systematic 
way.. but some valuable facts bearing on this point in a most direct 
and practical form have just been developed in the four Wisconsin 
cheese-scoring contests? held during April, May, June and July, 
1908. The facts are all the more interesting because they are merely 
incidental to the general purpose of these contests. The method of 
conducting these competitive tests in Wisconsin cannot be too 
highly recommended to other states, especially because very full de- 
tails are given, unusual under such circumstances, making the work 
of peculiar value in enabling one to study relations existing between 
the composition of cheese and its commercial value. In each of 
these monthly scorings, it is significant that the cheese scoring high- 
est contained the largest amount of fat relative to proteins, while 
the cheese scoring lowest in every case contained the lowest amount 
of fat relative to proteins, as shown by the following data: 


TAPLE J]X.— RELATION OF FAT AND PROTEIN IN CHEESES OF HIGH AND 
Low SCORES. 
EEE eee 
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The most striking difference is shown by the April results, the 
least by those of July. In studying all the available data, the only 
apparent cause that accounts for these differences is the difference 


*N. Y, Prod. Rev. and Amer. Crmy. 26: 182, 348, 504, 652. 1908. 
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in composition. In the case of some of the cheeses that were 
scored second and third below the highest, as compared with others 
that were scored second and third from the lowest, the general rela- 
tion of quality and composition was shown but not equally in every 
case. While these results do not in themselves absolutely prove the 
relation between composition and commercial quality, their special 
value is that they confirm, in a different way, the results of other 
work, 

It cannot fail to be of value in the discussion of this subject to 
present the views of some of those who have been generally re- 
- garded as authorities in relation to the commercial as well as to 
the scientific aspects of cheese-making. For this purpose we have 
chosen to give the views (1) of Dr. Robertson, so long Canada’s 
most efficient leader in the progress of all branches of dairying and 
especially of cheese-making, and (2) of Dr. Babcock, who has been 
properly regarded as America’s leading student of dairying in its 
scientific relations and who has given special attention to the ques- 
tion under discussion. 

In the report of the New York Dairymen’s Association for 1891, 
we find the following statements in an address given by Dr. Robert- 
son: “In every case there was a gradual reduction in the quantity 
of cheese when there was a less quantity of butter-fat in milk. 

However, this is true also, that the increased yield of cheese 
is not in direct proportion to the increased percentage of butter- 
fat; that is, milk containing 3 per ct. of butter-fat will yield a cer- 
tain quantity of cheese, but if you take milk having one-third more 
fat (4 per ct.) it will not yield one-third more cheese. At the same 
time, such milk -is worth one-third more for cheese-making, and 
thereby hangs a tale. You see, if it does not yield so much cheese, 
it makes a quality of cheese so much better that the market value 
of the cheese from 100 pounds of milk is a third greater than the 
market value of the cheese in the other case” (pp. 198-9). 
“ Every two-tenths of a pound of butter-fat will improve the quai- 
ity of the cheese one-eighth cent per pound, as near as I can find 
out. Thus, you have a difference of about five-eighths of a cent per 
pound between cheese made from 3 per ct. and 4 per ct. milk” 
(p. 201). 

Dr. Babcock approaches the question from quite another point 
of view (report of New York Dairymen’s Association for 1892, 
Pp. 150, 153, etc.). After showing that fat is the constituent con- 
trolling the value of milk, cream and butter, he says: “It is evident 
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that the market price of milk, of cream and of butter depends chiefly 
upon the price of butter-fat, and that other constituents have so 
little influence that they can practically be neglected. 

“There is one other important dairy product to be considered, 
and that is cheese. Does the same principle hold with this? I be- 
lieve it does, for on no other basis can 1 reconcile market prices all 
over the world.” 

He then goes on to show by actual market quotations that cheese 
vaiseS In price according to its richness in fat, all the way from 11 
cents per pound for whole-milk, fancy cheese down to I to 2% 
cents a pound for full-skim cheese. Anticipating some objections. 
raised to the method of reasoning as applied to the fat basis as a 
method of paying for milk at cheese-factories, he continues: “I 
cannot leave this subject without referring to some of the objections 
made to its use in cheese-factories. It is urged that because casein 
and fat are intimately mixed together in cheese, they bring the same 
price per pound when sold, and so should be given the same price in 
calculating the value of milk that is to be used for this purpose. If 
this is true, the water which comprises a larger portion of cheese 
than the casein should be treated in the same way, and worthless 
constitutents in any product should have the same value as the 
mixture in which they occur. It is absurd, on the face of it, as it 
gives entirely different values to the same constituent according to 
the product considered. It makes the casein, water and fat worth 
each about one cent per pound in milk, the same constituent worth 
30 cents per pound in butter and anywhere from I to I1 cents per 
pound in cheese, according to the proportions in which they are 
mixed. Whereas, the relative value plan gives consistent values 
invall, 

‘Again, it is said that the life-sustaining power of a pound of 
casein is about the same as a pound of fat, and that they should 
therefore have about the same value; but it must be borne in mind 
that the nutritive value and the market value of foods have no rela- 
tion to each other. You can buy nutrients in corn meal cheaper 
than you can in wheat flour. Maple sugar costs you two or three 
times as much as beet sugar, although the two have identically the 
same effect. All of these things are controlled by the universal 
law of supply and demand, and have nothing to do with their rela- 
tive food value. 

“When any article has a high value for any special purpose, that 
fixes the price which must be paid for it for all other purposes. 
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You cannot afford the use of rosewood or mahogany for fuel, not 
because they have less heat-producing power than maple or birch, 
but because they command a higher price for piano cases or other 
articles of furniture. The general public esteems butter-fat more 
highly than casein and are willing to pay a much higher price for 
it. It is folly to stand in your own light and argue that this is 
inconsistent.” 

These arguments of Dr. Babcock are based on general economic. 
truths which hold good to-day as fully as when they were stated 
by him. They are facts which sould be kept in mind when consider- 
ing the relation of composition of cheese to commercial quality or 
market value. In the 12th annual report of the Wisconsin experi- 
ment station (p. 115), Dr. Babcock also says: 

“It is a well-established fact that rich milk gives a better quality 
of cheese which commands a higher price than that from poor 
milk,” 

We add also the following quotation from an address given be- 
fore the Wisconsin cheesemakers’ convention at Milwaukee, in 1907, 
by Prof. E. H. Farrington, dairy husbandman at the Wisconsin 
experiment station: “It will be seen that the richer the milk, the 
better the price per pound of cheese made from it. I am occa- 
sionally asked if 100 pounds of milk testing 6 per ct. of fat will 
make twice as much cheese as 100 pounds of milk testing 3 per ct. 
of fat. The answer to this question is briefly that the cheese made 
from the richer milk is of much better quality and worth a higher 
price per pound than that made from the thinner milk, and this will 
help balance any difference in yield. The influence of the richness 
of milk on the quality of. cheese is something that should not be lost 
sight of in considering the question of paying for milk at a cheese- 
factory by the Babcock test.” 


DIFFERENT METHODS OF PAYING FOR MILK AT 
CHEESE-BAGTORIES. 


In the history of the cheese-making industry, we can distinguish 
in the order of their appearance, five methods which have been pro- 
posed for the purpose of paying for milk at cheese-factories: 

(1) Weight of milk. 

(2) Amount of fat in milk. 

(3) Relative values of fat and other cheese-solids based on yield 
and composition of cheese. 
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(4) Modification of fat basis to include part of the milk-casein. 
(5) Amount of fat and casein in milk. 


We will now consider each of these methods as to comparative 
merits and defects. 


PAYING FOR MILK ON BASIS OF WEIGHT. 


Under this system each patron receives the same amount of 
“money for each 100 pounds of milk delivered at the factory. This 
method possesses the advantage of simplicity and economy of time, 
involving no additional work. Among the disadvantages of this 
method are the following: 


(1) It assumes, as a fundamental basis of its fairness, that all 
kinds of normal milk have the same cheese-producing value; that, 
from 100 pounds of any milk, we make the same amount of cheese. 
This assumption has been abundantly proved not to be true, since 
the yield of cheese from 100 pounds of milk may vary all the way 
from 8 to 13 pounds or more. The method is, therefore, unfair to 
the producers of milk containing higher percentages of fat. 

(2) This system discourages the production of milk of higher 
percentage in fat. When weight alone is considered in making pay- 
ment, more money can be received by increasing the amount of milk 
produced, without regard to its composition; and it is thus found 
more profitable to produce milk as low in fat as legal requirements 
permit. 

(3) This system breeds criminality, because it encourages the 
addition of water, removal of cream and all similar forms of dis- 
honesty. Some dairymen have regarded the direct addition of 
water to milk as the most economical way of increasing milk pro- 
duction for cheese-making purposes, but the experience is not 
usually attended with most economical results for any length of 
time. 


However much difference of opinion there may exist in regard to 
the efficiency of different methods of paying for milk for cheese- 
making, all who are in position to give a reliable judgment in the 
matter agree on this one point, viz., among the various methods pro- 
posed, this one is farthest from doing justice to all producers 
of milk. 
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PAYING FOR MILK ON BASIS OF FAT, 


When milk is paid for on the basis of its fat content, each patron 
receives the same amount of money for each pound of fat in the 
milk delivered. For example, the patron whose milk contains 3 per 
ct. of fat receives payment for 3 pounds of fat for each 100 pounds 
of milk delivered by him; while the patron whose milk contains 4 
per ct. of fat receives payment for 4 pounds of fat for each 100 
pounds of milk furnished by him. The second patron receives one- 
third more per 100 pounds of milk than the first one, while, under 
the weight-of-milk method, each would receive an equal sum. This 
can be illustrated as follows: 

For the sake of simplicity, we will compare the milks furnished 
by two patrons, one milk containing 3, and the other.4 per ct. of 
fat. We will assume that the cheese sells for 10 cents a pound. 
We will make the comparison on the basis of 100 pounds of milk, 
allowing that the cheese yield from 100 pounds of milk containing 
3 per ct. fat is 8.30 pounds, and from milk containing 4 per ct. of 
fat, 10.60 pounds, a total of 18.90 pounds, bringing 189 cents. By 
the weight-of-milk method, this sum is divided equally between the 
two patrons, because each furnishes the same amount of milk. 
Hence, each receives 94.5 cents for the cheese made from his milk. 
On this basis the one furnishing milk containing 3 per ct. of fat re- 
ceives 11.4 cents a pound for each pound of cheese made from milk 
furnished by him; while the other receives 8.9 cents for each pound 
of cheese made from his milk. 

Dividends based on the percentages of fat in milk are made as 
follows: One patron furnishes 3 pounds of fat and the other, 4. 
There are, all told, 7 pounds of fat, the cheese corresponding to 
which sells for 189 cents. Therefore, each pound of fat is credited 
with 27 cents; one patron receives 81 (273) cents and the other, 
108 (274) cents. In this case the one furnishing the poorer milk 
receives 9.76 cents a pound for the cheese made from his milk, and 
the other, 10.19 cents. The existing difference, 0.4 cent a pound, is 
generally held to represent an actual difference in the quality and 
value of the cheese. These results can be very well shown in the 
following tabulated form: 
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TABLE X.— COMPARISON OF DIVIDENDS MApE ON WEIGHT-OF-MILK AND 
oN MitkK-Fat Basis. 
_ SE SSE SST NR SSE ST 
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Of the various objections deserving any attention, which have not 
already been noticed, the following are the chief ones urged against 
this method: 


(1) The percentage of fat in milk is not generally an accurate 
measure of the amount of cheese made from 100 pounds of milk. 
A pound of fat in milk containing 3 per ct. of fat represents more 
cheese than does a pound of fat in milk containing 4 per ct. of fat; 
in the former case, the cheese yield is 2.77 pounds for one pound of 
fat in milk, while in the latter it is 2.65 pounds. On this account, 
the milk containing least fat does not receive pay for all the cheese 
it makes. 

(2) The cost of making the test is often raised as an objection. 
In actual practice, the difficulty has been satisfactorily overcome. 
The usual custom is to pay the cheese-maker at the rate of 20 to 
25 cents a month for each patron. 


The principal reasons given for favoring the fat basis are the 
following: 


(1) This method recognizes the fundamental truth that normal 
milks varying in percentage of fat possess different values for 
cheese-making. 

(2) The amount of fat in milk offers a practicable and just basis 
for determining the cheese-producing value of milk, when we con- 
sider both quality and quantity (p. 286). 

(3) All temptation to adulterate milk by watering or skimming 
is absolutely removed, since a man receives pay for the number of 
pounds of fat that he furnishes and not merely for the number of 
pounds of liquid he carries to the factory. No other method now in 
use so completely eliminates the temptation to adulterate milk. 
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(4) This method promotes improvement in the character of milk 
production. This is not merely a theoretical statement, but has been 
proved to be true im practice. It offers an inducement to each 
dairyman to improve the composition of his milk. 

(5) Improvement in the character of dairy animals and in the 
consequent yield and composition of milk means economy of pro- 
duction and increase of profit. Cheese-solids in rich milk can be pro- 
duced at less cost than in poor milk. 

(6) This method awakens interest. in the subject of milk pro- 
duction, stimulates a desire for further knowledge and tends te 
place the production and care of milk on a higher plane of intel- 
ligence. 


PAYING FOR MILK ON THE BASIS OF CHEESE YIELDS AND RELATIVE 
VALUE OF CHEESE-SOLIDS. 


In the twelfth annual report of the Wisconsin experiment station 
(pp. 114-119), Dr. Babcock has worked out a system of payment 
by which the yield of cheese and composition are both taken inte 
consideration. The principles embodied in this method have not 
received the general attention deserved. He says: “Jt is nof 
sufficient for a system to give the true yield from each patron's milk, 
for this makes skim-milk cheese equally valuable with that from 
the richest milk. The perfect system of making dividends 1 
cheese-factories must include, not only the amount, but also the 
relative values of fat and the other cheese-producing solids; with 
such a system each patron will receive his just proportion whether 
he brings skim-milk, watered milk or cream.’ His proposed 
method gives to milk-fat a value of 6.6, as compared with a value of 
1.0 for the cheese-solids not fat. A table is worked out, based on 
yield of cheese and relative value of cheese-solids for milks con- 
taining different percentages of fat from 2 to 6. Values are given 
which can be used directly in the same manner as the percentages of 
fat are used in case of the fat basis. The only additional labor re- 
quired is to apply the lactometer to each milk and take the reading. 

He says, further: “ This modification would give to each patron 
the same amount of money which he would obtain if his milk were 
manufactured by itself. In this respect it differs widely from those 
modifications of the relative-value plan which aim to make diwit- 
dends in proportion to the pounds of cheese which each milk wilt 
produce, leaving out entirely the quality of the cheese.” The fol- 
lowing illustration shows the application of this method: 
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One patron furnishes milk showing by test 3 per ct. of fat and a 
Jactometer (Quevenne) reading of 28; another, milk with 4 per ct. 
of fat and a lactometer reading of 34. Turning to the table re- 
ferred to, it is found that milks corresponding to these percentages 
of fat and lactometer readings have relative values for cheese-mak- 
ing represented by the numbers 4.10 and 5.43. To find the dividend 
of each, we divide the amount of money (189 cents) received, by 
the sum (9.53) of these two numbers, which gives 19.83. This 
number multiplied by 4.10 and 5.43 gives the respective dividends of 
the two patrons. 


TABLE XI.— DIvIDEND oN BASIS OF CHEESE YIELD AND SOLIDS. 
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, Money received | Money received 
Fat in Cheese made 
100 pounds from 100. Dividend ete Lesh 
of milk pounds of milk sheoes mailicctat 
Lbs Lbs Cents Cents Cents 
3 8.30 81.3 9.80 27.10 
4 10.60 TOS sits 10.16 26.92 


By comparing these results with those given by the simple fat 
basis and other methods, we see that the values are much closer 
to the results of the fat basis than those given by any other method. 

Application of principle to fat and casein.— This same principle 
eould be readily applied when we know the percentages of fat and 
of casein in milk. \We might be even more liberal and instead of 
allowing only one-sixth for casein, allow as much as one-fourth. 
In this case, the dividends would be based on the fat plus one- 
fourth of the casein in each case. We will consider this more in 
detail later. 


‘ 


MODIFICATION OF FAT BASIS KNOWN AS THE “ FAT-PLUS-TWO ” 


METHOD. 


By this method the percentage of fat in milk is increased by 2 
_and the results used the same as in making dividends on the fat 
basis. The method originated in Canada. The first suggestion 
was made about 1893, when at one of the cheese-factories the plan 
was adopted of adding 1 to the fat in making dividends, because it 
was noticed that this method more closely approximated the cheese 
yield than the use of fat alone. This method was made a subject 
of study at the Ontario Agricultural College and was modified by 
adding 2 to the fat in making dividends. 
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The dividends are made in the following manner under this 
method, using the illustration already given (p. 291) for milks con- 
taining 3 and 4 per ct. of fat. The receipts from sale of cheese are 
189 cents. Instead of one patron receiving three-sevenths and the 
other four-sevenths of this amount, one receives five-elevenths and 
the other six-elevenths, as shown thus: 


Ae pepe a 
4+2—=6 (6-11) 
7+4=I11 


The results, compared with those of the fat basis, are as follows 
for this particular illustration: 


TABLE XII.— CoMPARISON OF DIVIDENDS ON Fat Basis ANp “Fat + 2” 
BASIS, 
—_CCOCOCOC_OC_C_C_CC OO eeeeee————SeeEeEEEEEES= 





Fat Basis method Fat-plus-Two method 
at Cheese 

in 100 made Money Money Money Money 
Suaiis from 100 received received received received 
ne: milk pounds Divi- for each for each Divi- for each for each 
a of milk dend pound pound dend pound pound 

of of of of 
cheese milk-fat cheese milk-fat 

Lbs Lbs Cts Gis: (Cis: Cts Cts Cts 
3 8.30 81 9.76 ei) 86 10.36 28.7 
4 10.60 108 10.19 P46 103 9.72 PAD A 


This method is based on an attempt to approximate yield of 
cheese as a basis to use in paying for milk. It is supposed that 
the addition of 2 to the percentage of fat makes allowance for 
the casein of the milk, and, therefore, that milks which are low in 
fat will get such a proportion of casein as will balance the difference 
existing between milk poor in fat and milk rich in fat in respect to 
yield of cheese per pound of fat; and that, therefore, taking the 
casein into consideration along with the fat will give us a more ac- 
curate relation in regard to yield of cheese and percentage of fat in 
milk. This ought to be true and is true to a certain degree. So 
far as we do take casein into consideration, we get just that much 
nearer to the average of cheese yield, speaking of yield alone and 
not considering quality. 
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The objections which have been brought against this method are 
the following: 


(1) It does not recognize any casein in milk above 2 per ct.; 
it would be a fair measure of yield of cheese if all milks contained 
2 per ct. of casein, no more and no less. This is, of course, not in 
accordance with the actual facts. The additional amount of casein 
above 2 per ct., which is usually found in richer milks, is wholly 
ignored by this method. For example, under this method, milk 
containing 4 per ct. of fat would, after adding 2, be given a value of 
6, whereas it should be given a value of 6.4 or 6.5 or more on the 
basis of its usual casein content. 

(2) This method is, therefore, in the interest of milk low in fat. 
It gives undue advantage to poorer milk, and, to the same extent, 
works against the producer of richer milk. It has been generally 
held that too much encouragement cannot be given to farmers to 
produce milk of richer composition. In the illustration given above, 
one fails to see the justice of a method which gives to the producer 
of poorer milk 10.36 cents a pound for his cheese and to the pro- 
ducer of richer milk only 9.72 cents a pound for cheese that is bet- 
ter, if each milk is made into cheese by itself. 

(3) This method offers a premium on watering milk, because the 
percentage of fat in milk (high or low) is credited with only 2 per 
ct. of casein; and, hence, the lower the percentage of fat, the larger 
will be the relative amount of casein and the greater the price re- 
ceived for each pound of fat. For example, a patron furnishing 
milk with 4 per ct. of fat could add, say, 33 pounds of water to 100 
pounds of milk, thus reducing the percentage of fat to 3. He 
would then have the benefit of the added factor for 133 pounds of 
milk instead of 100 pounds. He would thereby increase his divi- 
dend from 103 to 108 cents. 

(4) This method also offers a premium on skimming as well as 
watering milk. This can best be made clear by illustration. A 
patron who furnishes milk containing 4 per ct. of fat skims it so as 
to make it contain 3 per ct. and then adds enough water to make the 
weight of milk 100 pounds again. The cheese made from 100 
pounds of such milk would be about 8.9 pounds. The milk of the 
other patron, who furnishes roo pounds of normal milk containing 
3 pounds of fat, makes 8.3 pounds of cheese, a total of 17.2 pounds 
for the 200 pounds of mixed milk. This, we assume, sells for 172 
cents and is evenly divided between the two patrons, because each 
furnishes milk containing 3 per ct. of fat. Each, therefore, re- 
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ceives 86 cents. If the patron who produces milk with 4 per ct. of 
fat takes the normal milk to the factory, he receives on the “ fat- 
plus-two”’ basis 103 cents, as we have already seen. If he skims his 
milk as described above, he receives 86 cents, or 17 cents less; but 
he has, as an offset to this, one pound of milk-fat which he can sell 
for 25 cents to 30 cents. Therefore, he is the gainer by all that 
he can get for his pound of milk-fat over 17 cents. 

(5) This method, in opposition to the teachings of Robertson, 
Babcock, Farrington and many others, wholly ignores the fact that 
composition and quality vary with fat in milk and that cheese made 
from richer milk is of higher value. 


While these objections hold good, still the fat-plus-two ” method 
is unquestionably a great advance over the old weight-of-milk 
method. The most unfortunate feature about his method is the 
confusion which its introduction has caused among dairymen. In- 
stead of regarding it as a modification of the fat basis, dairymen 
have, in many cases, thought that the whole principle of paying for 
milk by any other method than the weight-of-milk system was under 
suspicion. Dairymen do not yet understand the details of different 
methods clearly enough to discriminate, and, when they are told 
that the fat basis is unreliable and inaccurate, they most naturally 
lose confidence in all methods based on the fat-test and go back to 
the weight-of-milk system. Those who produce poor milk take ad- 
vantage of such an opportunity to upset the entire system based on 
the fat-test. Thus, the whole situation has been needlessly con- 
fused, rather than benefited, for the average cheese-factory patron. 

PAYING FOR MILK ON BASIS OF FAT AND CASEIN. | 

By this method the percentages of fat and casein in each patron’s 
milk are added and the figures thus obtained are used in apportion- 
ing dividends as in the fat basis. The usual form in which this 
method has been proposed gives to the fat and casein equal values 
as cheese-producing constituents. This form will be first considered 
and can be illustrated as follows: 


We will make use of the figures already employed in illustrating 
the other methods. One patron furnishes milk containing 3 per ct. 
of fat and 2.1 per ct. of casein; the other, milk with 4 per ct. of fat 
and 2.5 per ct. of casein. Each furnishes 100 pounds of milk; the 
total amount of cheese made is 18.9 pounds, realizing 189 cents. 
We add together the amounts of fat and casein in the two milks, ob- 
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taining 11.6 as the total number of pounds of fat and casein in the 
200 pounds of milk. The total amount of money received for the 
cheese is divided by the total amount of casein and fat, which gives 
us 16.3 cents as the value of each pound of mixed fat and casein in 
milk. The dividend of the patron furnishing the poorer milk is 
16.3X5.1, which equals 83 cents; the dividend of the other is 
16.36.5, which equals 106 cents. In this case, each receives the 
same price for the cheese, 10 cents a pound, but not the same for 
milk-fat; the poorer milk receives 27.7 cents a pound for its fat; 
the richer milk, 26.5 cents. Below are given in tabulated form the 
results of this and the other methods already considered: 


TABLE XIII.— CoMPARISON OF RESULTS OF DIFFERENT METHODS OF PAYING 
FOR MILK. 
O_O ——*—*&{]{EeD; &{{*{={>>={*<{*=*=#Ve—_—=_anmRmMDa=>=»3A~™*™*>*&X&*0>ooE>xy[>=—== 


: Sens Dividend Dividend Dividend 
pt te bie Sas Cheese by fat and by fat by “‘fat +2” 
: : casein method method 
Per ct. Per ct. Lbs. ts: CES: Gts 

3 Zeb 8.30 83: 81 36 
4 Zeb 10.60 106 108 103 


The fat-and-casein method has the following advantages: 


(1) It is an accurate measure of the yield of cheese in the case 
of all kinds of milk, when the losses of milk constituents are not ex- 
cessive. 

(2) The temptation to adulterate by watering is entirely removed. 

The following disadvantages suggest themselves: 

(1) Assuming that a test for casein gives results as accurate as 
the Babcock test for fat in the hands of ordinary cheese-makers, it 
is objected that the test involves extra labor on the part of the 
cheese-maker, for which he cannot well afford the time. The same 
objection is often made against the Babcock test, and it would, of 
course, be much more forceful in regard to a casein-test. 

(2) An extra test involves additional cost, even in case a cheese- 
maker could find time to make both fat and casein tests. If a 
cheese-maker were paid on the basis of what is received for making 
fat-tests, it would amount to $50 or $60 a season for most cheese- 
factories. To this must be added cost of materials and breakage of 
glassware, which might be conservatively placed at $10 to $15. 
There would thus be a total outlay on the part of the patrons 
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amounting to $60 to $75 for the season in having the casein-test 
made. 

(3) The fat-and-casein method does not recognize any difference 
in the value of cheese made from milk high and low in percentage 
of fat. It places the market value of casein on an absolute level 
with milk-fat, while Dr. Babcock gives milk-fat in cheese a value 
6.6 times that of casein (p. 293). 

(4) The use of the fat-and-casein method offers a temptation te 
remove fat from milk or to add skim-milk, in case of milk to be 
used for cheese-making. To illustrate, casein in skim-milk has 2 
market value for the dairyman not to exceed 2 or 3 cents a pound, 
while milk-fat is worth about 30 cents a pound. In good cheese, 
casein and fat together bring about 18 cents a pound. If casein is 
paid for on a par with fat, then by adding skim-milk to normal milk, 
one can increase the price of his skim-milk casein about nine times. 
The same would be true if fat were removed from milk and sold as 
butter or cream. In whatever manner one increases the ratio of 
casein to fat in milk, he increases the dividend value of casein in 
cheese-making, when fat and casein are treated as of equal value in 
making dividends. 

(5) The fat-and-casein method requires more time in calculating 
dividends. 

(6) Some have expressed the fear that, under this system, the 
increased value of casein would lead dairymen to breed cows for 
milk high in casein, and that this would result in a poorer quality of 
cheese and general consequent danger to the cheese industry. In 
fact, the use of cows giving milk with a high casein content has been 
specifically emphasized by some as a desirable end to work for and 
it is urged that such an aim would be realized by the recognition of 
casein in cheese-making as of equal value with fat. Assuming that 
the percentage of casein in milk could be notably increased in an 
economical manner, what would be the result? By referring te 
pages 281-284, it can readily be seen that the process would be noth- 
ing more or less than a system of adding skim-milk to normal milk, 
thereby increasing the amount of casein in milk relative to fat. 
This fact is probably not fully appreciated by those who are advo- 
cating the process. We have probably reached the limits of safety, 
in more than one sense, in many strains of Holsteins and Ayrshires, 
as regards the high relation of casein to fat. We do not need to 
spend time and energy to breed cows for milk in the direction of 
skim-milk for cheese-making. Some progressive dairymen are, 
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happily, still so old-fashioned in their ideas as to advocate the op- 
posite process, viz., increasing the yield of fat in milk without. pay- 
ing any attention to its skim-milk constituent, casein. This is 
simply raising the old question that used to be discussed so much 
20 years and more ago regarding the “ butter cow ” and the “ cheese 
cow.” Thus, in the 1892 report of the Vermont experiment station 
(pp. 122, 123) this whole question is ably discussed, the article 
closing as follows: “ The logical conclusion, then, is that the so- 
called “cheese cow,’ that is, the cow which is especially good for 
cheese rather than for butter, does not exist, and that whenever a 
cow is found that is good for cheese-making purposes, the milk of 
that cow is equally good for the manufacture of butter.” The fol- 
lowing statement is found on page 471 of the 1895 Year-book of 
the United States Department of Agriculture in an article by the 
late Henry E. Alvord: “Cumulative evidence is unnecessary. 
These important truths are established, namely: The best milk 
makes the best cheese, and the most of it; the milk which is most 
profitable for butter is also the most profitable for cheese; the best 
butter cow is the best cheese cow.” In a discussion of the same 
subject, Bulletin No. 9 of the New Hampshire station contains the 
following statements: ‘“ We are told that cows which are giving milk 
poor in fat and are therefore poor butter cows are great cheese 
cows. . . . A milk rich in fat is not only a good milk for butter 
but also a good milk for cheese, while the reverse is also true.” 

In harmony with the general tenor of the preceding statements, 
the investigation carried on with different breeds of cows at this 
Station appears to demonstrate clearly that a pound of cheese-solids 
ean be produced at less cost in case of milk rich in fat than in case 
of milk poor in fat. 

(7) Another highly important question has been raised in connec- 
tion with the use of a casein-test in paying for milk at cheese- 
factories — Is it worth the time and trouble expended on it? It is 
not worth the time, if, with Dr. Robertson, Dr. Babcock and others, 
we believe that casein is not equal in value to fat for cheese pro- 
duction in relation to composition and quality of cheese. If, on the 
other hand, we believe that yield of cheese alone should be con- 
sidered and that fat and casein are of equal value, pound for pound, 
in cheese production, even then we can ask the question — Are the 
differences caused by variation in casein worth the trouble and ex- 
pense involved in making a casein-test in addition to fat? To what 
extent will dividends be readjusted among patrons and in what 
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manner? ‘While this question can not be answered finally until re- 
sults have been secured in numerous factories, we have sufficient 
data on hand to give a definite answer in the case of one representa- 
tive New York factory for one season. We have fat and casein 
determinations during one factory season for each of 50 different 
herds of cows whose milk was taken to one cheese-factory. The 
analyses of milk were made every other week for each herd 
separately from May to October inclusive. In 23 cases, the fat- 
and-casein method gave a larger dividend than did the fat alone 
by an average of 1.6 cents for each 100 pounds of milk, the greatest 
difference in the case of any one patron being 5.9 cents, and the 
least 0.1 cent. In one case, both methods gave the same results. In 
26 cases, the fat method gave higher results by an average of 1.4 
cents for 100 pounds of milk, the difference varying in the case of 
different individuals from 5.1 cents to 0.1 cent. 

The greatest difference found in favor of the fat-and-casein 
basis, 5.9 cents per 100 pounds of milk, would mean for an entire 
factory season nearly $20, assuming that this patron furnished 33,- 
600 pounds of milk, an average of 224 pounds for 150 days, whick 
was the actual average for each patron. Summarizing the results 
on this basis, we have 23 men receiving more money by the fat-and- 
casein method, amounting altogether, for the season, to $123.46, the 
_ increasing dividends of each varying from 33.6 cents to $19.83, 

and averaging $5.39. As a matter of fact, about two thirds of the 
money would go to 8 patrons. One patron receives the same either 
way. The remaining 26 patrons receive less by the fat-and-casein 
method than by the fat basis, amounting altogether to $123.46, vary- 
ing from 33.6 cents to $17.13, and averaging $4.75 each. 

On the basis of the estimated cost of $60 to $75 spent in paying 
for the test, more than half of the difference ($123.46) would be 
used up, so that, if those who benefited by the casein-test paid for it, 
there would be distributed not more than half of the amount above 
given. This would mean an expenditure of $60 to $75, in order to 
adjust a difference of $123 in the interest of 23 men who furnish 
milk tests below the average in fat. The entire sum involved 
amounts to less than 0.4 per ct. of the factory’s receipts from cheese. 
Under such circumstances, it is not at all likely that the 27 patrons 
would vote to employ the fat-and-casein method in distributing 
dividends, nor is it likely that most of the 23 men benefited would 
ask it, when the high relative cost of making a redistribution was 
understood. While the results represent only one cheese-factory, 
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the conditions are typical of those prevailing in New York State, 
and results that are strikingly different from these would probably 
be exceptional. 

Modification of Fat-and-Casein Basis—— The fat-and-casein basis 
as discussed above, gives fat and casein in milk the same market 
value, pound for pound, for cheese production. Attention has been 
called (p. 293) to the proposition advocated by Dr. Babcock of giv- 
ing to milk-fat a value in cheese production 6.6 times greater than to 
the cheese-solids not fat, which consist mostly of casein or, more 
accurately, of proteins derived from casein. Suppose we assign a 
higher value to casein for cheese production, as already suggested 
(p. 293), and call it worth one-fourth that of milk-fat (instead of 
only about one-seventh). In using this method of making divi- 
dends, one simply adds to the percentage of fat in milk one-fourth 
of the percentage of casein in milk and uses the numbers thus ob- 
tained in apportioning dividends. The following table indicates 
how the figures would run in case of average factery milk: 


TABLE XIV. 


a NT SE STS 


Fat in milk plus Fat in milk plus 


Fat in milk, one-fourth the Fat in milk. one-fourth the 2 

per ct. of casein. per ct. of casi. 

e 
Per ct. Per ct. Per ct. Per ct. 
3.0 3.53 Ae 4.74 
ool 3.64 4.2 4.85 
3.2 3.40 4.3 4.96 
3.0 3.86 4.4 5.07 
3.4 3.97 4.5 5.18 
3.5 4.08 4.6 5.29 
3.6 4.19 4.7 5.40 
Se 4.30 4.8] 5.51 
.8 4.41 4.9 5.62 
3.9 4.52 5eO Dine 
4.0 4.63 5.1 5.84 


Dividends made on the basis of these figures would be so nearly 
the same as when made on the basis of fat alone, that the expense 
involved in a casein test would make the matter entirely impracti- 
eable under the usual conditions prevailing at cheese-factories. 


PAYMENT ON BASIS OF FAT AND CALCULATED CASEIN. 


In view of the fact that so many cheese-factories are still paying 
for milk on the basis of weight alone, as a result of the confusion 
that has been created in regard to the fairness of the fat basis, a 
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method might be suggested which would find use in factories using 
no test system and which would be far superior to the weight-of- 
milk method and at the same time possess certain advantages over 
other modifications of the fat basis. | Such a method would be to pay 
on the basis of the fat and of the casein calculated according to the 
formula (Fat—3)xo0.4+2.1. Such a method is not recommended 
where the fat basis is being used, but only as a compromise where it 
comes to a choice between some such basis and the weight-of-milk 
method; in other words, where the prejudice against the fat basis is 
too strong to be overcome. The amount of casein obtained thus is 
added to the fat and the dividends calculated in the manner given 
on p. 292, The use of a method basing dividends on the fat-test 
and the amount of calculated casein would possess the following ad- 
vantages: 


(1) It would be preferable to the fat-and-casein method, which 
requires two separate tests to be made, since no test would be 
needed for casein, but only for fat. It would, therefore, involve no 
additional expense of time, labor or money, as is the case with the 
casein-test. | 

(2) It would be more fair than the “ fat-plus-two”’ method be- 
cause milk containing higher percentages of fat would receive pay- 
ment for the increased amount of casein that goes with that in- 
creased percentage of fat, instead of receiving credit for only 2 per 
ct. of casein, rich and poor milks alike. This method gives results 
that are in most cases much closer to the yield of cheese than the 
“ fat-plus-two ” method. 

(3) The watering or skimming of milk could not affect the re- 
sults, because the casein is made to depend on the fat content. In 
this respect the method is much superior to the fat-and-casein or 
the fat-plus-two method. 

(4) No more labor need be involved than in the case of the fat 
basis, either in the matter of testing or in the matter of calculating 
dividends. The matter can be simplified by the consultation of a 
table, which can be made out once for all. The following formula 
can be used in preparing such a table: 

(Fat—3) X1.4+5.10—Amount of fat and casein in 100 pounds of 
milk. 

Such a table, already prepared, is here given: 


’ 


304 REPORT OF THE CHEMIST OF THE 


TABLE XV. 
EEEEEEEE—E—E—E—T—T—ET—TCE—E—C——EEEEEEEE=EESE=E—EEIEIEIE=ELESE=SESES=E==SSSSSSSSSSSS 
: : Dividend : 6 1 Dividend 
Fat in milk. Farner Fat in milk. nites 
Per ct. Per ct. 
3.00 5.10 4.05 6.67 
3.05 5.17 4.10 6.64 
j 3.10 5.24 4.15 6.71 
3.15 6.31 4.20 6.78 
3.20 5.38 4.25 6.85 
3.25 5.45 4.30 6.92 
oooU OP 4.35 6.99 
Shoo 5.59 4.40 7.06 
| 3.40 5.66 4.45 ales 
3.45 5073 4.50 7.20 
oRDU 5.80 4.55 (eer 
8.55 5.87 4.60 7.34 
3.60 5.94 4.65 7.41 
3.65 6.01 4.70 7.48 
f 3.70 6.08 4.75 7.55 
ge Sato 6.15 4.80 7.62 
3.80 6222 4.85 7.69 
3.85 6.29 4.90 Vehike 
3.90 6.36 4.95 7.84 
3.95 6.43 5.00 7.90 
4.00 6.50 








(5) The introduction of the fat-test is called for by this method, 
and thus a great step in advance would be made in comparison with 
the weight-of-milk method. This might ulitmately lead to the adop- 
tion of the simple fat basis. 


The following objections may be suggested to such a method: 


(1) It aims to pay for the amount of cheese produced with- 
out regard to composition or quality. Of course, this same objec- 
tion applies to the fat-and-casein method and the fat-plus-two 
method. 

(2) The method of calculation may give amounts of casein dif- 
fering from those actually present in milk. In individual cases and 
for single tests, this might be true, but, taking the average of a 
whole season, the differences would not usually be found great, and 
the season’s average would be the factor on which to base a com- 
parison as to accuracy. As a matter of fact, in the case of the 50 
herds already referred to, in no case was there a difference in the 
season’s results greater than 0.25 per ct. of casein between the cal- 
culated amount and that obtained by the chemical method, while 
in the case of 40 out of 50 patrons the results differed by less than 
O.I per ct., in several cases being identical. 
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SUGGESTIONS TO NEW YORK STATE DAIRYMEN. 


On the basis of the points discussed in the preceding pages, the 
following suggestions are made in the interests of those dairymen 
in New York State who produce milk for the manufacture of 
cheese: 

(1) The exclusive use of the milk-fat basis is advised, since 
it is the method which takes into consideration composition and 
quality of cheese in connection with yield of uss, thus providing 
an equitable and simple system. 

(2) The method of distributing dividends on the exclusive basis 
of the weight of milk delivered should be abolished, since it is open 
to many objections of the most serious character. 

(3) In those cases in which it is found impossible to introduce 
the milk-fat basis, any of the following methods will be found 
greatly superior in fairness to the weight-of-milk system, prefer- 
ence being in the order given: (a) Relative values of fat and other 
cheese-solids, based on yield and composition of cheese, as pro- 
posed by Babcock; (b) amount of fat and calculated casein in 
milk; (c) fat-plus-two. 

(4) The cheese-makers of New York are advised not to attempt 
to introduce any method of testing for casein until its practicability 
has been fully established beyond all doubt. 
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REPORT OF THE DEPARTMENT OF tENTO- 
MOLOGY. 


CONTROL OF SCALE IN OLD APPLE ORCHARDS.* 


P. J. PARROTT, H. E. HODGKISS ann W. J. SCHOENE. 
SUMMARY. 


(1) This bulletin deals with experiments in old apple orchards 
to control the San José scale. Its purpose is to show the progress 
of the work and the relative cost of treatment by the more efficient 
remedies; and, as far as present knowledge permits, to suggest 
methods of affording suitable protection to fruit trees. 

(2) The experiments are being conducted at Youngstown in 
Niagara County, Geneva in Ontario County, and Yorktown in 
Westchester County. Standard remedies are employed for the 
treatment of the main portions of the orchards, and comparative 
tests are made of. the more promising sprays of recent introduction. 

(3) The orchard at Youngstown comprises 20 acres of leading 
commercial varieties and the trees are 47 years of age. Scale has 
been present 7 years. There has been more or less spotting of the 
fruit. With slight exceptions, clean crops were harvested in 1907 
from trees sprayed with sulphur washes and oil emulsions. Mis- 
cible oil protected trees from important injuries, but where spotting 
of fruit occurred the blemishes were usually more conspicuous than 
on trees treated with other remedies. 

(4) The orchard at Yorktown consists of 20 acres and the trees 
are from 33 to 50 years of age. Scale has been present since 1900 
and has been satisfactorily held in check by thorough applications 
of sulphur washes. The results in 1907 were almost perfect. The 


*A reprint of Bulletin No. 206. 
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miscible oil was generally not so efficient in preventing the spotting 
of the apples. 

(5) The Geneva orchard comprises 16 acres and the trees are 
from 30 to 50 years of age. Scale has been in the orchard for 5 
years and, with the exception of 1906, has been successfully com- 
bated. In 1907, applications of sulplur washes, oil emulsions and 
miscible oil effectually controlled the scale. 

(6) The cost of treatment per tree is variable, depending on 
labor, machinery, size of trees, weather conditions, kind and cost of 
spraying supplies and fuel, and general management. 

(7) The average quantity of spray and cost of treatment per 
tree in these experiments, not including interest on investment and 
wear of machinery, are as follows: 


SPRAY TREATMENT FOR SCALE; QUANTITY APPLIED 
AND COST, PER TREE. 


NIAGARA COUNTY ORCHARD. 


Trees 47 years old. Machinery, power outfits. 
Number of Cost of 


gallons. Mo pte 
Sulphur wash, average for 1905-’6-’7........ 14 31h 
stl phuinwasheaverage. [or 1007-2 tems h ie 13 ae 
Sulphur wash, followed with crude oil emul- 

SIONS, }. di alhitceeds saetas cece geiens eee ee i 38 
Sulphur wash, followed with kerosene emul- 

SLOT echt ategle: BU es Sat cee eee CE eae Tey, 38 
Crude oil Laat 20 50eT Ch. sal) ate ere, II 3} 48 
Crude oil emulsion, with pe RRI TOS REAR treat- 

TROL iste nese sta Sn be Sas das egrets bee Us 15 54 
Miscible,oil, To per.ct at A0rcts. per Cale cou e 10 50 
Miscible oil, with supplementary treatment.... 13 69 
Miscible oil, 10 per ct., at 50 cts. per gal...... IO 59 
Miscible oil, with supplementary treatment. 13 83 
Cride toil ei oe Boe GN nese eee a 5 58 
Kerosene lime. wash, 25, pér.ct. oil ..b at 41 15 60 
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WESTCHESTER COUNTY ORCHARD. 


Trees 33 years old. Machinery, hand pump without tower. 


Number of 


gallons. Cost. 

; Cts. 

NERV ere ete coo ffi e cece safe’ 6. ts oietk dS les ne 17 66 
Miscible oil, 10 per ct., at 40 cts. per gal..... 9 70 
Miecinie Ol, 10 per ct., at 50 cts, per gal... ... 9 88 
pee | pe 


ONTARIO COUNTY ORCHARD. 


Trees 30 years old. Machinery, power outfits. 


Number of Cost. 


gallons. Cts. 
BMPS Se ea ee kee ee ck ess 21 30 
Sulphur wash, followed with oil emulsion.... 22 39 
PME IOM EL 5a pcre ct Olsen cet es oles oes 8 BI 
MiasciDle, oil, 10 per ct., ati 4o cts. per gal...%. 13 63 


Miscible oil, 10 per ct., at 50 cts. per gal..... 13 TR 


(8) The sprays recommended for scale treatment are sulphur 
washes, home-made oil emulsions and proprietary miscible oils. 
Each of these possesses certain merits and is adapted to individual 
circumstances. These remedies are now generally used by fruit 
growers. 

(9) It is conclusively demonstrated that scale can be profitably 
controlled on peach, plum and pear trees, and on apple trees of 
moderate size. Present practice indicates that old apple trees can 
be equally protected at a relatively nominal expense compared with 
the productiveness of a well-managed orchard. 


INTRODUCTION. 


Our fruit growers in general, by the faithful observance of the 
details required for the proper preparation and application of 
known remedies, experience no especial difficulty in controlling the 
scale on small trees. In many localities, while there is a full appre- 
ciation of its destructive capacity and of the danger in neglecting 
suitable treatment of the trees, the scale is losing many of the ter- 
rors which it formerly inspired; and annual spraying of peach,. 
plum, pear and apple trees of moderate size for this pest is now an 


312 Report OF THE DEPARTMENT OF ENTOMOLOGY OF THE 


established practice in the yearly routine work of many farms. 
Equally satisfactory and encouraging, although relatively less com- 
mon, are the successful efforts of commercial fruit growers in 
various localities of this State in controlling the scale in large 
orchards of old apple trees. Unfortunately in this latter endeavor 
these favorable results are exceptional. ‘The average fruit grower 
has not been able to afford efficient protection to his old orchards 
and there is usually more or less spotting of. his fruit, with varying 
degrees of injury to the trees. This failure is felt very keenly, as 
the treatment has entailed much larger expenditures of money and 
labor than have ever been required in spraying to control other 
pests; and, in spite of his efforts, the fruit grower is still in real 
danger of losing his orchard, which constitutes one of the prin- 
cipal sources of income to the farm. ‘This is the common experi- 
ence in localities where the scale is well established, and it is not an 
infrequent complaint that the spraying of old apple trees for the 
scale is impracticable; as the operation is too costly, and despite the 
treatment it is impossible to produce marketable fruit. Dis- 
heartened by the unsatisfactory results attending their efforts, 
some such orchardists have now given up attempts to save the larger 
apple trees, which are dying. If such destruction is to continue and 
to become general in every community in which the scale is intro- 
duced, it will not be long before many of the older apple orchards 
of this State will succumb to this pest. To protect the apple trees 
is, to-day, the most important phase of the scale problem. The 
truth of this will be more highly appreciated by an increasing num- 
ber of fruit growers each year, as they have opportunity to see in 
their own or their neighbors’ orchards the destructiveness of the 
scale. 

Realizing that the present situation with respect to the scale 
would probably occur, the Station, in order to ascertain what diffi- 
culties are to be overcome in the spraying of large trees, and to 
determine whether there are practical and economical methods of 
protecting commercial apple orchards, undertook, three years ago, 
to co-operate with a number of fruit growers in protecting their 
orchards, special attention being given to the old trees. The Sta- 
tion also sprays its own old apple orchard, according to the same 
plan. This serves as a check on the other experiments. It is in- 
tended to continue this co-operation until proper orchard practice 
for the treatment for the scale is thoroughly established throughout 
the State. The orchardists with whom the Station is now co- 
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operating are A. H. Dutton, Youngstown; Alfred Lewis, Geneva; 
Floyd White, Yorktown; and F. A. Sirrine, Riverhead. This bul- 
letin deals with the progress of the experiments at Youngstown, 
Yorktown and Geneva. Its purpose is to show what is being ac- 
complished in the treatment of old apple orchards; and to point out, 
as far as present knowledge permits, the best methods of affording 
efficient protection to fruit trees against the scale. 


OUTLINE OF EXPERIMENTS. : 
METHODS. 


In conducting these experiments, the orchardist largely selects 
his own sprays, employs his own machinery and manages the spray- 
ing for the treatment of most of the trees. The Station has in 
some instances assisted in preparing and applying the mixtures. 
As far as possible the same kinds of sprays, applied at equal 
strengths, are used in each orchard, that there may be a fair com- 
parison of the results on scale and the costs of the application. 
For the treatment of the trees the most practicable sprays only are 
employed; and the kinds that are selected will vary in number each 
year, according as they stand the test, and as more promising mix- 
tures are introduced. An accurate account is kept of the cost of 
spraying materials, amount of labor required, the wear of 
machinery, and various items that enter into an experiment con- 
ducted from a business point of view. 


NIAGARA COUNTY EXPERIMENT. 

This experiment is being made in co-operation with Mr. A. H. 
Dutton, Youngstown, in an old apple orchard of twenty acres, con- 
sisting of 598 trees of at least forty-seven years of age. The 
varieties and the number of trees to each variety are 380 Baldwins, 
135 Greenings, 40 Spitzenburgs, 16 Kings, and a few summer kinds. 
The orchard has been regularly sprayed with bordeaux mixture 
containing an arsenical poison, and has been annually cultivated. 
until the last three years, when it has been allowed to grow to sod. 
The trees have made an even, symmetrical growth, and are uniform, 
in size and very productive. For these reasons the orchard is con- 
sidered one of the best in the county. 
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HISTORY OF SCALE IN ORCHARD. 


The San José scale was discovered in the orchard in 1900 upon 
Greenings, and in the next two years it rapidly increased in num- 
bers, causing conspicuous injuries to many of the trees, and render- 
ing much of the fruit unsaleable. Whole branches and an oc- 
casional large limb were killed, while the apples were conspicuously 
marked with red, which often appeared in more or less continuous 
belts or zones about the stem and calyx cavities. At that time it 
seemed that a goodly number of trees. were beyond recovery. By 
1903, the scale had spread throughout practically the entire orchard, 
although there were only scattered areas outside of the Greenings 
where the trees were much incrusted and showing evidences of in- 
jury. The first attempt to fight the scale was in 1902, when the 
trees conspicuously infested with scale and others in their vicinity 
were sprayed with the boiled lime-sulphur-salt wash. In 1903 five 
rows of Greenings, comprising I15 trees, were sprayed with the 
sulphur wash, and in the following year applications were made to 
individual trees in all parts of the orchard. 


DESCRIPTION AND .COST OF SPRAYING PLANT, 


Gasoline spraying outfits, fitted with two leads of hose, with 
three nozzles each, are used in the treatment of orchards infested 
with scale. Each truck has a 20-foot tower, which, with 8-foot ex- 
tension rods, has been found indispensable for the treatment of the 
large trees. The cooking plant consists of an 8-horse-power boiler 
and three tanks of about 200 gallons capacity. From the steam 
dome there is an overhead pipe, fitted with three downward ex- 
tending arms, one to each tank. Each arm has a valve at a con- 
venient height to control the flow of steam. Steam injectors are 
used to feed the boiler with water and to dilute the wash, while the 
spray pump is employed to convey the prepared mixture into the 
wagon tank. 

ITEMS OF CoST OF SPRAYING PLANT. 


rtd eM DOUCIas 5 OF subiaghe a Mee MS cee CRE Cmte See eee one $90 00 
Slbouineatanks;and Piping is. cce eee ee ek oe ee eee 5 00 
aHGasoline powerisprayine touthts. 2... ie ee uh a etee ene 450 00 


Capacity sof plant jpery day... orarl. agek dec puiel ok» acta. eee 2,500 gallons. 





DETAILS OF THE CO-OPERATIVE EXPERIMENT. 


In 1905 arrangements were made by the Station for a co-opera- 
tive experiment in an effort to check the progress of the scale and 
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to determine practicable measures for treating the trees in the 
future. Early in the spring the orchard was severely pruned for 
dead and infested wood, and, especially, to remove the topmost 
branches, which had heretofore been difficult to spray, to render 
thorough treatment in the future less difficult. From 5 to 10 feet 
of the tops of the taller central branches were removed, the opera- 
tion being made just above a vigorous-growing lateral branch. Ail 
wounds were immediately treated with red paint to assist healing 
and to avoid injuries by fungi and decay. 

For 207 of the worst infested trees, crude oil was employed, as 
their condition demanded drastic treatment and the owner so de- 
sired. The oil was applied undiluted in the spring as the buds were 
swelling and the applications were made from two sides of the 
trees, which resulted in the excessive use of the oil and an over- 
treatment, for this spray, of many portions of nearly all of the trees. 
Of the remainder of the orchard, 345 trees were sprayed with the 
lime-sulphur wash, and 47 trees were treated with the kerosene- 
lime mixture, which had recently been introduced as a promising 
spray for the scale. The items of expense and the cost of treating 
the orchard with the different sprays are as follows: 


Cost oF SPRAYING NIAGARA COUNTY ORCHARD IN 1905. 


CRUDE PETROLEUM. 


Pe TMLee Trees LAVed sete. care i les. Leb ctdss Ue ele te opaddp tee 207 
momirereiss Ot crude, oi], 1,000 cals., at $4.60... 2.26.02 s00cctsccene ee $92 00 
IRIE ECG Cro ie a ot siecle os Fo oe wav VE eagle ool’ acini aXe 9 00 
EMCI eT OL SP avS. at S150. estos cena ces ccacsactedsstcesus 13 50 
NPRM IOCM AMA ST Ate O0U, cit ress slay vs ve eh vat tievveeveerhews 6 00 
DP MNCTIMADTAVCL Ds ire tire. oe oe ks ok ee Bebe e cit ide ow ETP a as II 25 
CAE TOSI SE A al Uo Sirti eat eng year ride tetas, ih Seg! Sa tire $131 75 
Seemriovele salons per (Cems sr ss. wees ea ncr esr rceece etwas 4.8 
Cost of materials for spray, per gallon of mixture..............6. Io cts. 
emer Ot OTT Ce ANS ISP i OE Ree aa ees a's ls A0te 
eee ara net AI NOL LtT OCs. ain) «clea ieee Ga. gees so OE eusiayd scrpepeie ee © Cate 
Be PEE Cae POU E LCC nine ys chet cei Baw ches we wets veghe sce ne GAnes 


eee aL TEOS) STTAV CUT ain Manis mie pete na eens ao 6 ous-as oN ce Reale 345 
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3750 gallons of sulphur wash: 





1125 Ibs! sulphur at 23r"cts 2s te on oe eee. eee $30 94 
1500 jIhs; limeiatas ‘Ctsyfperi@ivtion ee. Beene ase ee eee 6 75 
Fuel. and:use.of) cooker...) azatiowgss cntebles see ee Deeb ane 3 00 
I.man. for_5 days:at: $1.50, for.making. wash, ts tee ented penis 7 50 
Mien fOr 5. GAYS Abepl.GO. « -apect <4 ce kas es nee ce ae ee 22 50 
Team*tor’S days "at $2,005. or ec ec ce eee ees bance e ah le nen 10 00 
Wear ton‘ sprayervit 58 a aes cies cate eam dels tie as ae ee IT 2s 
Total: sais aps x aya cte ried ob eps + Adore kc bpep hates bh entg a Rieaeeteete oe ee $01 94 
Averave number Of Gallons: Per (leew <a 2% ous) ce cies enc aane Seen 1034 
Cost of spray per gallon, including labor of making, fuel, and 
wear on cooking pans. se. ea at eee Wirt? de 
Average cost of spray per tree, including labor of making, etc.... 14 “ 
Average cost.of labor.and team -peratrees «d+. «es finsleesan ~ sone 0% “ 
Average cost of treatment per free, . x +.600 <5 + apace be eel 27 ae 


KEROSENE-LIME WASH 


Nitmiber of trees sprayed cies :2ek phe ee tas pce ae eee ree 69 


1009 gallons of kerosene-lime wash, 25 per ct. oil: 


260 gallons of kerosene atito Ctgi sy. scam cp eens ei eee eee $25 00 

To00 vlis. Timésat 750 cis Aper | Cwt. foc. a0 tae sere © sae 5 00 
Four. men ‘for 134. days at. $1.50, mierash aebueeie- sss eels ee Q 00 
Team for-3134 days ati$2.00.¢..4... «= Anetanis bas ghee sk tic ante 3 00 

TGA. wor a veo ton tv he G oe Cod oe Moabeh ire MaRS OEY oe ee $42 00 
Average number ot gallons.per tree... y2<. ccs cee wees cee 14% 
Cost of materials for spray, per gallon of mixture............... 3). Cte 
Averave cost of spray per Tree. se eases eee a te een ee se eee 42F e 
Average’ cost-of labor and*team per! drée...2. 7... doe eae eee 7 SS 
Avetawe cost/of treatment per tree... oo... .0 deat a wage eee 60 “ 


TABULATED GENERAL SUMMARY FOR 1905. 


In the table following a general summary is given of the data 
that have been presented, showing the number of gallons of each 
mixture used to spray one tree in this orchard, and the cost of 
treatment. These figures do not include wear on machinery and 
interest on amount invested. 
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QUANTITY OF SPRAY AND Cost PER TREE. 
[a a ER SS ES ES SS SES 








oe Seas: fyeesee Apial cost 
number o cost oO cost oO Oo 

NAME OF SPRAY. gallons per| spray per | labor per | treatment 

bree. ree, nee: PEDsree, oy) 

Gis: Gis: Cts, 

PARSE ORCUITTA Net ee te. 0: sel ee Neyosel el si Sidwein: oukicacer ae 5 49 9 58 

(Un Ae Ee i Sa Ea A A 3 sa nip! 13 9 22 

HOETOCENC LINE WASH wa a\a.c < wlesaucrs as sucolle + elescie 14 43 i 60 














RESULTS ON TREES AND SCALE BY SPRAYING IN IQgO5. 


Crude petrolewm.— The application of the crude oil killed a large 
percentage of the fruit buds, and many of the leaf buds, which 
destroyed the crop and retarded leafing for three weeks. As the 
season advanced, the foliage showed a surprising improvement and 
by August the trees appeared, on the whole, with the exception of 
the loss of fruit, nearly as well as the remaining portion of the 
orchard. A few trees, weakened by scale and collar rot, did not 
fully recover and apparently received a set-back, but the extent of 
the injuries could not be determined at that time. In comparison 
with the other sprays, the crude petroleum was the most effective. 
A very large percentage of the scales were destroyed, and the 
effects of the reduction were apparent for the next two years. 

Sulphur washes.— The treatment with the sulphur washes caused 
no apparent injuries, and the trees receiving the applications of 
this spray bore a good crop of fruit, which with some exceptions, 
was quite clean and marketable. The results on the scale were, as 
a rule, not as satisfactory as with crude petroleum, but the general 
health and the fruitfulness of the trees were much better. 

Kerosene-lime mixture-— This spray caused severe. injuries to 
one side of fifteen trees in the same row, which reduced the crop 
and destroyed much of the foliage. It was necessary to prune these 
trees carefully to reshape them and to remove the dead wood. The 
remainder of the trees receiving this treatment produced good yields 
of fruit and the foliage was normal. The results on the scale were 
variable, but as a rule little benefit was derived from the treatment. 
The kerosene-lime mixture proved to be a disagreeable spray to 
prepare, and, when handled in quantities of 200 gallons, the capac- 
ity of the spraying tank, much difficulty was experienced in keeping 
the ingredients evenly distributed and in uniformly coating the trees. 
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DETAILS OF CO-OPERATIVE EXPERIMENT IN 1906. 


In 1906 the entire orchard was sprayed in the spring, while the 
trees were dormant, with the boiled lime-sulphur wash. The items 
of expense and the entire cost of treatment are as follows: 


Cost oF SPRAYING NIAGARA COUNTY ORCHARD IN 1906. 
LIME-SULPHUR WASH. 
Nuttiber cfutrees sprayed: 21. 5 fies: esas pes seenure nae en eee 586 


10,000 gallons of sulphur wash: 


snoo lbs sulphur at 234 cts evens Se a eo ee eee $82 50 
4000 lbsxdime iatia cts per iewihl OA ae ad ae 18 00 
Patel sind 115€ Or COGKING slants 2.25.2 s ss pees oe ae ee ee 5 40 
One Man Oo Gays; at 1:50, Makilior Wachs.. 7: .: 0 suse 13 50 
Six aren. oro days ap Siso. Wet. Bork eee eee te ee eee 8I 00 
Two téams foro daysiat ‘$2.00: tascs .ak siete ts eerie. Cee, eee 36 00 
Wear?on. sprayer (5 (per, ct..on, COSE), 7. y-ta sant ae: ache Cee 22 50 
Ota oo Gs vaccine « o.g'a's jenna ate ho Orne eee ee $258 90 
Average numbér!of gallotis'perstree #700205 ety ete. wee eee 17 
Cost of spray per gallon, including labor of making, fuel, sup- 

DIES. CLC. 5. sap usd aioe acetyl Gd a anbteaee Maal See tee ce eee eee LE cts 
Average cost of spray per tree, including labor of making, etc.... 204 “ 
Average! cost *of labor and team pet trees se rcs 2e< 5s eee eee 207 "ee 
Average "cost ‘of treatment per tree y ya sea eae se eae ee ee ee 7 Ca 


RESULTS ON TREES AND SCALE BY SPRAYING IN 1906. 


At the time of blossoming there were no evidences of injury by 
the applications of the sulphur wash, and the general appearance 
of the trees was better than at any time since the summer of 1903, 
which was largely due to the great improvement in the condition 
of the Greenings. The trees were carefully examined through the 
summer for the first appearance of the spotting of the fruit, which 
was detected on a few apples on a number of trees on July 27. On 
August 11, the orchard was in better condition with respect to scale, 
at this season, than it had been for several years, and as there was 
very little evidence of the spotting of the apples, a clean crop of 
fruit was expected. But during the latter part of August, and 
through September especially, which was remarkably dry and warm, 
the scale was unusually prolific, and there was more or less spot- 
ting of the apples; but they were not, in this respect, unmarketable. 
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The Spitzenburgs and Baldwins in rows 7-12,* inclusive, were prac- 
tically clean. The Greenings, rows 1-6,* with the exception of two 
trees, were much more free of the scales than in 1904, and on the 
whole produced a clean crop. The worst infested part of the or- 
chard had now changed, as a result of the treatment, from the ex- 
treme eastern side, and now extended along the ditch which runs 
irregularly through the orchard between rows 14-17, and into the 
northern part of rows 21-25. The scale was kept well under con- 
trol in the eastern one-half, where it had originally been very de- 
structive. Of the trees that received the treatment with crude oil, 
in 1905, there were five that still appeared unthrifty, the application 
having apparently aggravated the injuries by scale and collar rot. 
It should also be stated in this connection, that in the contest with 
the scale up to this time, no special difficulty has been experienced 
in preventing important injuries to the trees. Although the pest 
had been established in the orchard for six years, no trees have suc- 
cumbed to its attacks. Of as much importance as the scale in the 
marketing of the crop has been the codling moth, which was re- 
sponsible for many wormy apples. The control of this insect was 
not a part of the experiment. 


DETAILS OF CO-OPERATIVE EXPERIMENT IN 1907. 


In 1907, a comparative test was made of a home-made oil emul- 
sion, containing 20 per ct. of crude oil, a proprietary miscible oil, 
and the boiled lime-sulphur wash. The oil emulsion was made after 
the standard formula and was applied to rows 7-12, inclusive. Fol- 
lowing this treatment, a supplementary application, containing 16 
per ct. oil, was applied to rows 10-12, inclusive. Miscible oil was 
used at the strength of one part to ten parts of water, for the treat- 
ment of rows 13-18, inclusive, and a supplementary application, 
at the same strength was made to rows 15-18, inclusive. The sul- 
phur wash was applied to rows 1-6, inclusive, and rows 19-28, in- 
clusive. Supplementary applications of oil emulsions, containing 
20 per ct. kerosene or 16 per ct. crude oil, were made on portions 
of rows 19-28. The supplementary sprays were largely directed 
to the tips of the small branches and twigs to reach the scales pro- 
tected by pubescence. All of the applications were made in the 


*See chart, Plate XXXI. 
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spring while the trees were dormant and were continued until the 
buds commenced to burst. 

The items of expense and the cost of the different sprays are as 
follows: 


Cost oF SPRAYING NIAGARA COUNTY ORCHARD IN 1907. 


CRUDE OIL EMULSION (20 PER CT. OIL). ...... Reyes = es 
Number: Of trees “sprayed, va... 00.0 sehen oe. ke ee 149 





. 1650 gallons of emulsion: 





230! gallons. ofvoilrat ii2ictsapenigalloni® .Lkat 875% Sec ee ees $39 60 
8214i,lbs.wish-otlysoap) atessaucts: per lbjspeneswnes op eee 474 
mye ionts-searbolio-acith atae4 Cac. «cokes Aiea ae eneee 2 76 
2 eT TOT) 3 oa SAL ep lrbOs y tarts vaicbeats Stine cic oe Seine IO 50 
Yetedim "Tor 3444days “av $2.00ns sce eae ccc ne Bante viene 7 00 
Wear con-sprayerecs eae Nas Rik Bln TITLE ed eee 4 90 
OAs nok nik er bia eres Cee es ee Te On ee $69 50 
‘Average number of gallos. per -tree.r., os cea eee II 
‘Cost of materiais for spray, per gallon of mixture............... 2% cts. 
Average. cost of spray per treecic. «|. <nies oben niiem Eee 31% “ 
Avetage.cost of Jabor.and team penitree <2 <s.0dauass Me ee tives 
Average cost of treatment per tree........:.+. tind os ee 4634 “ 


SUPPLEMENTARY TREATMENT: CRUDE OIL EMULSION (16 PER CT. OIL). 


Number, of trees” treated 2... <\h, sich, eaten Ui ogc aaa peek ee 166 
‘600 gallons of crude oil emulsion: 
96 gallons of crude oil at 12 cts. per gallon................. $1I 52 
247\bs.ifish-oil:soapsabissaycthermperdbgOsth « Geautttacaued Gaeleee I 38 
1%4 gallons crude carbolic acid at 54 cts. per gallon......... 81 
een TOt- T Gay at ol. SOs. mac gk «ei ame ask coe lel oe ct Ae 3 00 
Ee gear: 1OT 1 Cay al pe. cce sec. abe mee ce tees arr 2 00 
‘Wear? On Sprayer ss: 20s. dee ee le cue cre ee eee e bee ate, ae eee pe I 40 
hotalss.. sve com dares. paranae neki aehes basa Oe i Feawte $20 I1 
Average. numberof gallons iperatree.. . in. waypiehe> aan ee ~. 33% 
Cost of. materials. for spray, per gallon Of mixture. . st... os. ose. 2% cts. 
Average cost*ot spray per tite,..2:-.. eens ee ee ee es ae See 8% “ 
Average cost of labor and team per tree........... Veoay ate 1 Poe ate 
Average cost of treatment per tree........... bts sleds OS 12s 


LIME-SULPHUR WASH. 
"Number of trees sprayed.............. sa ates puecal « aanhy ieite tery: ee 298 
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390c0 gallons of wash: 


Mermiyamct Out catroy, cts, per Ib.iers os.) Hates tee oo oe $29 25 
Seance tine at q2)cts. per bushel. 2)... sacl jem erase os oeire 9 30 
Pee ecoommroplant and. fuel... h ariecvarre na. vdnwupermadtae paiva nk 2 10 
Poiian for 3'4,.days, at $1.50, for cooking wash............-- 5.25 
RII 7 OAVS AG DL. 5Oy. 4.5 9+ occ oo sine Vek wine Meet PR as Oe ay 2I 00 
EES Y 2a YSiat. D200 vnia vinors ep wry is ete aCelod Wy ale new dry cop eiore 14 00 
EE CAVE Telos tile Ay Da cutenem gels We rite ie des na ile 9 80 
TNR Me ee ee PAM Cs oh viels ror cas Fk cee as oe $90 76 
eMREAION DET OL IeALONS Per tel. oo. 456 sk «lees soccibibns ve es esis 13 
Cost of spray per gallon, including labor of making, supplies, 
LCM OUR scar a Soa'd Ac coe Fak lewis a ye Ot abe'edee « 2 da mp ee Ba ToT ets: 


Average cost of spray per tree, including labor of making, etc... 15 
Average cost of labor and team for applying the wash per tree.. 11% 
mm eeerCOst Of treatment, per - trees. poi h a:.0i ovelere m0 <4'0 prsin mele a De 30% 


SUPPLEMENTARY TREATMENT: KEROSENE EMULSION (20 PER CT. OIL). 


nS MCE eT VC oe ale ee a yoo wie sins o ni necagie-a se eels 56 


200 gallons of emulsion: 


Bacations or-kerosetienat- 1242- ctso: 2ST. OU PP) $4 60 

Braeivemciany atiss4 cts; per Dives COLE EOL IRS, ee 58 
eumeneror 2:4 hours at-15. cts: per hours. ... 8025.12). Seb.t2. ge 
meat tor 2)>.hours at 20.cts, per houri:) Ae. oA Os. 2, a9 50 
oeemermesprayer pét day, 1:40. f2s23iseczee ck ck OME TI 35 

ett RTD a heed en AY Tae aN s sf oe dla ds Calva oes Gamede na $6 78 
pmeratesnumper. of gallons perutree. bo. ccc ys ies celebs silees eae dies 314 
Cost of materials for spraying, per gallon of mixture............ 2? cts. 
etre C St NOL SOL AV DEL LLCO Fc 2 ci. oh a wield «hs lopnsnpin.n lactone» Kom aehe > 0% “ 
eyetawe cost Gf labor and team per tre@. cs... ik. ck ces so oe eecs 2u%, “ 
nen CO OT MtrCaliniech: Per ULcGs.: staves oc vcctor cat bss clcee se 12 ‘g 


MISCIBLE OIL (10 PER CT.). 
REEMA TRAC CCS AS PTAY CU... .4/clss y tar eae eu) Queue aye. d Hee .Laridk 116 


I1co gallons of spray: 
110 gallons of miscible oil at 54% cts. per gallon, 


ST 15 aes (a aoe es SE ee ae $59 76 $48 76 
mane tories nours;at 15 cts. per hour. ysces. bo. 0. 2. 5 40 5 40 
feat tor.18 hours.ati20.cts..per hours. . iia a oes). 3 60 3 60 

Ses Gia Al gs Ste fe an en esa ag aso 3 sks $68 76 $57 76 
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Average number, of gallons per tree... Svs e tse « 9% 
Gostrof spray per’ gallon. tiie senses. eee 5% cts 
Average cost’ of spray perotreetie: ss sce. ss een een 51% “ 
Average cost of ‘labor -and: team "per trees.-). ve. eee oh aa 
Average cost’ ot: treatment per'tree sy .c2. ne. see ee 50% “ 


SUPPLEMENTARY TREATMENT: MISCIBLE OIL (10 PER CT.). 


aoreronumber OF trees sprayed. sc. 02 s.20<. een ea cise ) sas Oe 


420 gallons of wash: 


42 gallons of miscible oil at 50 cts. per gal....... $21 00 

Preighteou misci vie, Oiljwseem ad ee eh ee ee eae Foz 
2 men ror O72 ‘hours at ‘75 cts) per fourycrste ce eee I 95 
TY teain. tor, 0546, Hours at.20 cts. per Ora oer I 30 
War On SPlayelssiaus oeas cee aee ee eee ae ee eee QI 

Totalsayas. VA SPS ae, Baits Saree $26 98 
Average number of gallons per tree. .i4.5i.5.inseans 334 
Cost of spray per gallon for materials................ oe. ects: 
yveragercost of: spray. perstree. ick eqcmhices eee ae 204 “ 
Average cost of labor and team per: tre@.o....35 «4 «. Sats 
Average cost of treatment’ pér tree... ...... 2: ae ee eee 240° 45 


TABULATED GENERAL SUMMARY FOR 1907. 


oy" 

4g 
42 

734, 6c 
493% “ 


I1I2 


*$16 80 
1 82 

I 95 

I 30 
gI 


$22 78 


334" 
4% cts. 
16% “ 


6c 


3 
2014 “cc 





In the table following a general summary is given of the data 
that have been presented, showing the number of gallons of each 
mixture used to spray one tree in this orchard and the cost of 


treatment. 
interest on amount invested. 


These figures do not mclude wear on machinery and 


*Miscible oil purchased at 4o cts. per gallon, which is a discount of 20 


per ct. 
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QUANTITY OF SPRAY AND CosT PER TREE. 
a 








Average Average Average Average 


number of cost of cost of cost of 
NAME OF SPRAY, gallons spray labor treatment 
per tree: Derrbree. per tree. Hetercces 
Cts: Cts; Cts 
Crude oil emulsion (20 per ct. oil)........ 11 32 11 43 
Crude oil emulsion, with supplementary 





spraying with crude oil emulsion (16 per 


EOL ree Cees CR EA eK Cee: 15 40 14 54 
EISEN Ta ELST ae or aah hes cra oe ea toe wricc gt otis ce 13 15 up2 27 
Sulphur wash, supplementary spraying with 

crude oil emulsion PTOsper Che Ot) ute. 3 ay 23% 5 38 
Sulphur wash, supplementary spraying with 

kerosene emulsion (20 per ct. o1l)i2. 17 24 14 38 
Msciblevo1* sCLOiper cts) 2 Lesher bee: 10 51 8 59 
ecible oil, supplementary spraying with 

PEL Ao ees SORT whe LR 13 ( ii 83 
Miscible SOLO NDELLCL.) sate cals. ccs see og ee 10 42 8 50 
Miscible oil, supplementary spraying with 

SEWED S Gig Gusta) 0 CaO CUD EN eee ee 13 58 11 69 


RESULTS ON TREES AND SCALE IN 1907. 


At the time of blossoming and leafing in 1907, there were ne 
evidences of injury to the trees, attributable to the treatment of this 
year, by any of the various mixtures, including the supplementary ap- 
plications. As the season advanced a number of the Spitzenburgs 
in one row treated with crude oil emulsion showed evidences of 
decline, as here and there on the trees there were small branches 
with dead foliage. But, as explained in former notes, all of these 
trees are badly affected with collar rot, which is largely responsible 
for their unfavorable condition. One of the striking features of 
the orchard at this season was the symmetrical and shapely appear- 
ance of the trees due to the new growth, which had filled up the 
gaps caused by the severe pruning in past years. With the excep- 
tion of the six eastern rows, the trees yielded a good crop of fruit, 
the largest for several years. The effects on the scale were the 
most satisfactory that have been obtained in this orchard since the 
pest became established. As one passed through the orchard at the 
time of the harvesting of the fruit, the block sprayed with the 
home-made emulsion appeared, on the whole, to give somewhat 
better results on the scale than the sulphur wash, but both sprays, 
with the exception of less than a dozen trees in each lot, had proven 
very efficient, for there were very few apples that were spotted. 


* Purchased at 50 cts. per gallon. 
+ Purchased at 4o cts. per gallon. 
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The block sprayed with miscible oil was the least satisfactory of 
any. The trees sprayed with sulphur wash once, with a supple- 
mentary treatment with home-made oil emulsions, produced fruit 
that was practicaly exempt from spotting by the scale. The re- 
sults in detail are described in the following paragraphs: 

Home-made oil-emulsions— As stated above, this spray gave 
most satisfactory results, and rows I0, II and 12, receiving a sup- 
plementary treatment, showed no improvement with respect to the 
scale by the additional application, as the first spraying had con- 
trolled this pest. 

Proprietary miscible oil.— The results attending the application 
of this oil in this orchard were very disappointing, especially be- 
cause, in some of the other experiments, almost perfect results 
were obtained by this spray when used in exactly the same propor- 
tions. The spray, when prepared, indicated that the emulsion was 
stable, and in the field work efforts were made to thoroughly wet 
all of the bark of the trees as was done with the other sprays. The 
trees were dry and they were sprayed from two sides until the 
bark commenced to drip. The first spotting of the fruit in this 
orchard this season was found in the block sprayed with this oil, 
and at the time of harvest nearly every tree had its crop more or 
less spotted by the scale. There was very little improvement in 
this respect by the supplementary treatment. 

Sulphur washes— In the southwestern portion of the orchard 
a small number of trees showed more or less spotted fruit, but with 
this exception the trees were, as a rule, free from spotting by the 
scale. Now and then a tree would have a few apples with one or 
more spots, but the main portion of the crop was clean. The trees 
receiving an application of the sulphur wash and a light supple- 
mentary treatment with oil emulsion were generally free from 
fruit-spotting and, when judged by the size and condition of the 
crop and the appearance of the foliage, constituted the most satis- 
factory block in the orchard. 


DISCUSSION OF RESULTS. 


The control of the scale in this orchard has been more difficult 
than has usually obtained in the co-operative experiments upon this 
problem. The principal reasons are that the scale was well estab- 
lished and had encrusted many trees before the treatment of the 
entire orchard was practiced, and that it was necessary to train 
competent men to perform the requisite spraying for the scale. The 
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want of efficient help and the necessity of spraying in as short 4 
time as possible, to release the men for other farm operations, have 
proven serious handicaps. But in spite of these obstacles, the 
amount of the scale in the orchard has been greatly reduced, the ap- 
pearance of the trees has been much improved, and marketable 
fruit has been harvested. The severe pruning of the trees and the. 
treatment of the eastern portion of the orchard with oil in 1905, 
are two operations which greatly facilitated later work in the con- 
trol of the scale. The thorough treatment of the trees is now less 
difficult of attainment, while the application of the crude petroleum 
so completely destroyed the scale that, while two years have now 
passed, the effects of this spraying are still very apparent. On the 
basis of efficiency,. cheapness and safe qualities, the boiled lime- 
sulphur wash and the home-made oil emulsions have proven the 
most satisfactory sprays, and it is believed that with annual appli- 
cations of these remedies, either singly or with one supplementing 
the other, the scale can be efficiently and profitably controlled in 
this orchard. Because of its beneficial effects upon the trees, other 
than in the control of the scale, preference is given to the lime-sul- 
phur wash, with a supplementary spraying, when necessary, with 
a 20 per ct. oil emulsion, for the treatment of the scales hidden in 
the pubescence of the young wood. The experience in this experi- 
ment prompts the suggestion that with care in other details in the 
management of the trees, equal to that directed towards the control 
of the scale, this orchard, as well as others in the same neighbor- 
hood, could be made much more profitable than they have been in 
the past. If more. efficient work were done in the single operation 
of spraying for the codling moth, there would result increased 
profits which would pay in part or whole the cost of spraying for 
the scale. 
WESTCHESTER COUNTY EXPERIMENT. 


This experiment is being conducted in an orchard of 276 trees, 
belonging to Mr. Floyd White, Yorktown, N. Y. The larger num- 
ber of the trees are about fifty years of age, while the remainder 
of the trees are thirty-three years old. The leading varieties are 
Baldwin, Gravenstein, Nonesuch, Roxbury and Rhode Island Green- 
ing. The orchard is regularly sprayed for the ordinary insects and 
plant diseases. No cultivation is given, as the orchard serves as a 
run for poultry. The San José scale was detected in the orchard 
for the first time in 1900. Because of its early infestation, this 
orchard was one of the first to be used for the testing of scale reme- 
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dies and for various experiments with the sulphur washes, having 
been employed for these purposes since 1901 and up to the present 
time. On account of the nature of the experiments, it has been 
necessary to leave checks or unsprayed trees, so that in no one year 
has the scale been entirely under control; for while it was being 
-checked in one part, it was allowed to breed in another, according 
to the treatment. In 1906, the experiments were changed and the 
entire orchard is now sprayed with one or more of the standard 
remedies. Mr. White has orchards of other fruits and has been 
very successful in controlling the scale. No difficulty was experi- 
enced in raising crops of plums, pears and apples entirely free of 
scale, but in the portion of the old apple orchard given to the ex- 
eriments there has of necessity been more or less spotting of the 
fruit. Even here, when the trees have been well sprayed and are 
removed from the checks, clean crops have usually been harvested. 
The self-boiled lime-sulphur-caustic soda wash has been used for 
the treatment of the various orchards, and the cost of spraying the 
apple orchard was about 24 cts. per tree for all sizes. 


DESCRIPTION AND COST OF SPRAYING PLANT. 


A hand-power outfit was used, with two leads of hose with two 
nozzles each. The truck has no tower. A light maple pole with 
40 feet of hose attached was used to spray the top part of the 
trees; the lower parts of the trees were sprayed, using a 6-foot 
pole with 20 feet of hose attached. The cooking plant consists of 
a 6-horse-power boiler and one tank of 160 gallon capacity. 


GeTe Re DOT Chao. pee oe ake Selbis doit well ee ee ta, ee ae $25 00 
Star Pipes and Mittin ods oe cs os v teeilnae ae net eee tena ee 5 00 
160-gallon® boiling ate ory ey Soy Ses On el eee eee 2 00 
Gould’s:Sentinel pump sicsvew Li aha Cottaed: woeneeinteee ee 40 00 
Spray. tank Chometmade) cits co etiens soe cee tetas 0 een 10 00 


Wagon *tiuck 24)4.....4s-0f-) GALS Se es | ee 35 00 


In. 1907 a comparative test was undertaken of the boiled lime- 
sulphur wash and miscible oil, the applications being made on adja- 
cent rows of trees which were thirty-three years of age. The items 
of expense and the cost of spraying the apple trees are as follows: 
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Cost OF SPRAYING WESTCHESTER COUNTY ORCHARD IN 1907. 


LIME-SULPHUR WASH. 
CHET CCC Se SPA VCC. fics ore aie occ go. o'sial le larws ola See Pe dpjtee Heimereies 76 


1300 gallons of sulphur wash: 


Roemios siulpuuriat 3° cts. per lb.;-freight; Sa cts. ........-.+-. $12 24 
Beoribs, limie at’6 cts: per lb.3: freight, 3734 cts... ei ees 3 49 
I man for 23 hours at 15 cts. per hour, for making wash.... 3 45 
meet On Os hours) at? 15.Cts., per Nour) .biacewearas tS upetsreetelelteed b 20 70 
Paros AOUMOQULS! At 20. CLS) NETANOUL. 2 dina ecu, wcusuns af sie e » Hove.s ole. Q 20 
emrmoresiraver (272 per Ct. OF COSl)..,.5.-<rccescrtcccnss tres 175 
[8 G7 (ata 1S STi. tia ee ei el Ala ae en, Sis aig aaa ar 2 70 
Da cere OE AT Ae ks. MIE Dee Ol od Os RD HEOAMM $53 53 
mA an Det Ct. PA OUSPD CE tL OC ion osy0' eco sadies meus nue. nua na aasiepe coins sy 
Cost of spray per gallon, including labor of making, fuel, sup- 
ee Ee ie eg A gare coe fe ere tore cs cheer fs ene ke ones is’ *Cts, 
Average cost of spray per tree, including labor of making, etc.... 28 “ 
eerie cosiiOvuaborm and iteamipen trees ois. ieee ee 30% “ 
ieee eOlsn treatment Her allel. te ve set coc ais tipi oh ree node Moayy 70% “ 


MISCIBLE OIL (IO PER CT.). 
Peete SELCeS Sprayers etter eee ce ccs ek err ce en ee cs a 34 


320 ga'lons of wash: 


32 gallons of miscible oil at 50 cts. per gal...... $16 00 *$12 80 

eee OTP eITISCUMGL O11 co 6c sv ode ive shaac 09.0.0 2.2 4.clee I 05 I 05 
wemerieror 20 NOUrSs at 15 cis. per hour.............- 9 00 9 00 
Meteairerer 20 Ours at 20 cts: per hour. 2) .'..0 70. eae 4 00 4 00 
IG MEO TIES LANCE Oe Monet ott l. seis cease hed std owe lees 75 75 

10 a er EAS pe eae ae eee Coe $30 80 $27 60 
Pverece nuinber Of gallons. per tree... 6. ass ene oe 9.4 9.4 
Cost of materials for spray, per gallon of mixture.... 5% cts. 4% cts. 
Pariasercost of; sprayrper trees oil. ee. yetaws! 4 co Ek: 40% “ 
wvenage cost. of labor’ and; tea per tree... 5... ets. ahah 38. hf 
Pverave cost Of treatment, per tree, cricnen fou sede ot go “ Sta Ss 


TABULATED GENERAL SUMMARY FOR 1907. 


In the table following a general summary is given of the data 
that have been presented, showing the number of gallons of each 
mixture used to spray one tree in this orchard, and the cost of the 
treatment, not including wear on machinery and interest on amount 
invested. 


*Miscible oil purchased at 4o cts. per gallon, which is a discount of 20 
per ct, 


328 Report oF THE DEPARTMENT OF ENTOMOLOGY OF THE 


QUANTITY OF SPRAY AND Cost OF TREATMENT PER TREE. 
eee 


Average Average Average | Total cost 


Nine Of Sprie number of cost of cost of fo) 








gallons spray per | labor per | treatment 

per tree. tree. tree. per tree. 

(iPSa Cts: Cts 
SUlDhUuT Wash fos sens eee we he en ee 17 Ar 39 66 
Miscible oulk cies be coe OP niee Cee 9 41 38 79 
MisciblesOil | ucresarc re eee rere ene ne eeeen aca te 9 50 38 88 


SS SE SRE TSS SSSR SS 


RESULTS ON TREE AND SCALE, 


The application of the sulphur wash caused no injury to the 
trees, and the block receiving this treatment presented throughout 
the summer a very pleasing appearance. The results on the scale 
were the most satisfactory that have been obtained in the orchards 
since the experiments were commenced. These trees produced 
yields of almost clean fruit; and it was only occasionally that an 
apple showing spotting was found. The results of the spraying were 
superior to those of former years in that all the trees were uniformly 
clean, which was due to the use of a wash boiled by steam in place 
of a self-boiled mitxure. Some of the late applications of the 
miscible oil severely injured the trees. These treatments were made 
as the young leaves were making their appearance, and they de- 
stroyed many of the leaves and the blossoms, the ill effects of which 
were apparent throughout the summer, in reduced numbers of 
fruits and less abundant foliage. The treatments with miscible oil 
before the buds burst caused no apparent injuries. This oil did not 
prove as effective as the sulphur wash; for every tree receiving 
this treatment showed more or less spotting by the scale. The 
owner of the orchard thought that possibly the trees were not as 
well sprayed as those treated with the sulphur wash, as it was diffi- 
cult after an application of a miscible oil to determine what part 
of these large trees had or had not been satisfactorily wet. Dur- 
ing the spraying operations it was intended to treat all trees thor- 
oughly and to that end all the spraying mixture apparently required 
to wet all of the bark was applied. 


ONTARIO COUNTY EXPERIMENT. 
The apple orchard of the Station has been used for this experi- 
ment. It comprises 16 acres, including 504 trees, varying in age 


* Purchased at 50 cts. per gallon. 
+ Purchased at 4o cts. per gallon. 
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from thirty to fifty-five years. Careful attention has been given to 
all details relating to pruning, cultivation and spraying for plant 
disease and insects. The San José scale was found on a few trees 
for the first time in the fall of 1901 after a careful examination by 
an official inspector. In the spring all the infested trees—which had 
been marked—were well sprayed with the boiled lime-sulphur wash. 
This proved very efficient. Subsequent inspections revealed 
other trees affected, which were similarly treated. No special diff- 
culty has been experienced in completely protecting the trees, and by 
this method of picking out and spraying all infested trees the treat- 
ment of the entire orchard was deferred for five years. It is be- 
lieved that the general treatment of the orchard would not have 
been necessary then, had it not been for the unfavorable results of 
1906, when there was quite a little spotting of the fruit on a num- 
ber of trees. This failure was due to the use of an impure grade 
of sulphur which was not detected by the orchard foreman until 
the larger number of the trees had been sprayed and the season 
was too far advanced to respray. From the lack of efficient treat- 
ment the scale was more conspicuous than ever before, and as the 
season was exceedingly favorable to its multiplication and distri- 
bution, it spread to many other trees. In the spring of 1907, to 
avoid taking chances, the entire orchard was sprayed with the sul- 
phur wash, miscible oil, or oil emulsions. To afford a fair basis 
for comparison, the trees selected for the test were of the same 
age and were infested with the scale. 

The items of expense and the comparative cost of spraying trees 
thirty years of age with the sulphur wash, oil emulsions, and mis- 
cible oil, are as follows: 


Cost OF SPRAYING ONTARIO CoUNTY ORCHARD IN 1907. 


CRUDE OIL EMULSION (15 PER CT.). 


IM IE RETOCCS (SDTAVEC 2 aa ic foie alo fed tere Os seve eal gle Os wdlaps ee ais O4 
750 gal'ons of wash: 
Bese pauots: clude oilatelr cts. per gallonwes. <2) uh. Liem. .: $12 43 
Pamibsmewitale-o1l soapvat 4 cts: pér Ibo. ee 88 | 
2 gallons of crude carbolic acid at 54 cts. per gallon.......... I 08 
entrar mn Cr miro ra eT Ss (CtS. er TOUT sre vase hice A arec wt ois ere vents 3 60 
Perea Ore anouiseat 20 cts. pet. HOUl. asec cre acest ees cee 1 60 
Ber rOds  SULAVE Merete (ott han RG ho va csc ese esas tne ob oo ob t 8s Ivi2 


cles ba, 1 Po Mee ete Bee GN FRE esse ye ae Magia « bia «6 oeldatele $20 71 
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Averdgé-niimber*of-: gallons. per ‘tree: fe). seat ta eee 7.9 
Cost of materials for spray, per gallon of mixture............... 29h) cise 
Ayerage.cost, of) sprayaper tree one Genes aan ae eae ee I5% “ 
Average cost of labor.and team per tree: ic ays ae ee 54. 
Average cost of treatment: per tensa cows ie ee 22a 


LIME-SULPHUR WASH, 


Naimber of trées sprayed. UPR VOUS. ... TT ee. ee 126 
2700 gallons of sulphur wash: 
$10..lbs. sulphur, at.28- cts. «pefalD,t acme, phere een $20 25 
1080 Ibs: lime satsasectshmerscwtues.. k aueh sak) yb ee gee 4 86 
I man 30 hours at 15 cts. per hour, for making wash........ 4 50 
ZImMen oso NOT se Ab 15 “Cus. "Per. MOU. vie ove cise ae ee eee 9 00 
1'téam So hours at 20 tsi iperdiourl, UNG eae, ee ae ee 6 00 
Weartonvspraver 4. 722 jar i vane fae eee eer ts aes eee eee 4 20 
Usesof vcookerssi4..steie as Geceoigs golamts eatniels carck al ee I 80 
MOUAl gs tog ica so sh wakicee oa aes Oo wAate tales eae me eee eo eee $50 61 
Average tiumber-or gailons per trcer:. <2 4st. tees ee ee 214 
Cost of spray per gallon, including labor of making, fuel, sup- 
Plies, @ten < g-zabed: aasny ee Rebh caetioie ieareees ey eerie eae ee 1 1/6cts. 
Average cost of spray per tree, including labor, fuel, supplies, 
NG Sees oy gers asalbale emai » pik t pie elas ee anti et etree tet en 25 ene 
Average cost of labor 4nd team per TOC... ac ae es ate eee see {2 oe 
Average cost of treatment per’ treerrM ot Pete we, eee ee ee - 40% “ 


SUPPLEMENTARY TREATMENT: CRUDE OIL EMULSION (I5 PER CT.) 


Number of trees sprayed?.. ..0. 2 2,-veGur. olen bee ee rere ae 126 


100 gallons of oil emulsion: 


TSssallons..crude petroleum at: 1° Clst ..4 0a ot eee a $1 65 
2 pints carbolicyacid at 54 cts. per gallon... .27-.7. ee ee 14 
3 ibs. whale-oil:‘soap ati a Cts. ..<... see ace ee te ea see eee 12 
3° met efor. 2 Hours aerl s) isa vs. oe rts es ey eed «oe haere ee go 
rPtéeam) Tor “2° hours: ati 20) ClSin. « vi..'e sleaca ee Se kis Cie ieee eee 30 
Wearon Sprayefoof tne 08 91) = i Gba Ee ea Se ee 30 
Ota iS. dk cua's ole siwng Uae. kant tte tee ee eee ee $3 51 
AVerave number “Of gallons per trees 4... «aan ese sms Med cee 4/5 
Cost of materials for spray, per gallon of mixture.............. TO, Bese 
Average cost of spray per tree.ast secs Ge oes «ke oe IVa 
Average cost ofilabor and team per tee. a. isu: ses ape eee I ie 
Ayetage.cost-or treatment “per treGu., as 5. a. «os visas oe 234 Ls 


MISCIBLE OIL (IO PER CT.) 
Number of, trees’ sprayed. ....5 «+ «ui sa sale on oe pcs «s Sauls 68 
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900 gallon of spray: 





90 gallons miscible oil at 50 cts. per gallon....... $45 00 *$36 ot 

Hreignt on oo gallons off miscible: oilis. eco... 045s at 2021 
eumetneotalO: noursratels cts, pen hourL sur daisies sa ae- 3 00 3 00 
eeteamator JO-no0urs. at. 20: ctse per hour, acl denies cays 2 00 2 00 
Rare Ue SDIayer . .....cs s+ Ree Rhee An ea I 40 I 4¢ 

pea Ue Ose, JOU Ee On. AE SRR SOT $53 61 $44 61 
Average number of gallons per trees. eo. ve. ee. 134% 134 
Cost of materials for spray, per gallon of mixture..... 5%4 cts. 4% ets. 
Pmeregescost. GF Spray. per tfc... .. 2. wine ndsswavc nee GOD arian ROU We (os. 
Average cost of labor and team per tree............. yells eee pret Rt eh ae: 


fyerage -cost. of, treatment. pér ‘tree. .., 0... //... 05035 78 4/5“ 65% 





TABULATED GENERAL SUMMARY FOR 1907. 


In the table following a general summary is given of the data 
that have been presented, showing the number of gallons of each 
mixture used to spray one tree in this orchard, and the cost of treat- 
ment, not including wear of machinery and interest on amount in- 


vested. 
QUANTITY OF SPRAY AND Cost PER TREE. 











Sites: ‘ ehbahncy awenage Peacoat 
number o cost o cost o Oo 
NAME oF SPRay. gallons spray per | labor per | treatment 
per tree. tree: tree. per tree: 
Cus; CESS Cts: 

Cemderom emulsion. .. 6) 6. vo kn oi eee 8 154 54 21 
SUSE CPE er ene a Oa ee en ee 21 24 12 36 
Sulphur wash, supplementary spraying with 

Pee OMeeMGlStOn sik. ees sec ho 8s 22 26 13 39 
Merete ahaa Pte uvitks ol oiak whl: 13 56 rf 63 
eM) Pete act ke hee cia t fe ess bis os 13 70 vi Ch 

) 





| SS SE SE A YESS, STR SES SSRIS SE SS SS I RES SS SE REET? 
* Purchased at go cts. per gallon. 7 Purchased at 50 cts. per gallon. 


RESULTS ON TREES AND SCALE. 


No apparent injuries attended the applications of any of the 
sprays; and the growth and the appearance of the trees, following 
the treatments, left little to be desired. The sulphur wash, oil emul- 
sion and miscible oil proved equally efficient and gave most satis: 
factory results on scale. Close observation was maintained on the 
trees throughout the summer and it was only by the most carefui 


*Miscible oil purchased at 40 cts. per gallon, which is a discount of 20 
per cent. 
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scrutiny that eighteen trees were found, on which were several 
apples with not more than one or two of the usual red spots by the 
scale. Many fruit growers, experienced in spraying for the scale, 
examined the trees for evidences of this pest without success and 
pronounced the results perfect. Comprising, as the orchard does, 
trees varying from 30 to 55 years of age, on many of which the 
scale was abundant, this experiment is a good example of the re- 
sults that can be obtained by an intelligent use of known remedies. 


GENERAL SUMMARY AND CONCLUSIONS. 


In the experiments described, the results in the treatments have 
been very encouraging. With efficient labor and adequate spray- 
ing machinery, no especial difficulty has been experienced in pre- 
venting important injuries to the trees and producing yields of 
fruit which have, for the most part, been unspotted. The one ex- 
ception has been the Youngstown orchard where the production 
of an entirely clean crop of fruit has always been difficult of at- 
tainment, largely for the want of more time to respray portions of 
those trees which have not been well treated by the first applica- 
tion, and the experimental use of untested remedies. But even in 
this orchard, much progress has been made in the control of the 
scale; and a large crop of clean fruit, bringing high prices, was har- 
vested this year. Annual spraying has reduced the amount of scale 
on the trees and the appearance of the orchard has been much im- 
proved. Experience, derived from our own endeavors and obser- 
vations on the efforts of commercial fruit growers, demonstrates, 
with increasing emphasis each year, that the control of the scale 
on old apple trees is practicable, and that efficient protection can 
be afforded at a relatively nominal expense, compared with the re- 
turns from a well managed orchard. 

Of the various sprays that have been tested, the sulphur wash 
and the home-made oil emulsions have, on the basis of efficiency, 
economy and safety to the trees, proven the most satisfactory reme- 
dies. Of the two, the oil emulsions have generally been somewhat 
more efficient than the sulphur wash in the treatment of old apple 
trees, and excellent results have been obtained with a light treat- 
ment of an emulsion on trees previously sprayed with the lime-sul- 
phur wash, to reach the scales on the young wood. Either of these 
sprays singly or the emulsions supplementing an application of 
the sulphur wash, if thoroughly applied, can be depended on to con- 
trol the scale. Miscible oil completely controlled the scale in one 
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orchard, while in the other two tests there was generally more 
spotting of the apples than with the other sprays. The more eff- 
cient miscible oils are among the more satisfactory substitutes for 
home-made remedies. 

The cost of spraying apple orchards will vary from year to year 
and with different fruit growers. The principal factors that deter- 
mine the expense are labor, machinery, size of trees, weather con- 
ditions, kind and cost of spraying supplies and fuel, and general 
management. The above experiments show differences in the ex- 
penditures required for each tree, which were largely determined 
by the cost of the remedies and the character of the spraying ma- 
chinery. The average cost of the mixtures, not including the pur- 
chasing price, interest and wear of machinery are as follows: For 
one application to apple trees of 30 to 47 years of age, using power 
spraying outfits; sulphur wash, 32 cts. per tree; crude oil, 32 cts., 
and miscible oil, 57 cts. For one application to apple trees of 33 
years of age, using hand pump without tower; sulphur wash, 66 
cts. per tree, and miscible oil, 79 cts. per tree. 

The above figures indicate that spraying for the scale in an old 
apple orchard necessitates an additional expense which will vary 
approximately from 30 cts. to 50 cts. for each tree. With care- 
ful management, it is believed that the cost of spraying per tree 
can be kept below the maximum figures. In general this expendi- 
ture represents an equivalent reduction in the customary net 
profits of each tree. Many fruit growers sustaining these dimin- 
ishing receipts would find it possible, by better management of their 
orchards, to keep down the expense of distribution and cost of pro- 
duction, and to increase the fruitfulness of their trees by improved 
cultivation, fertilizing and spraying, so that the increased gains in 
yields alone would pay in part or wholly the cost of treatment for 
the scale. More efficient spraying for the codling moth would, in 
many orchards, have increased the value of the crop this year by 
at least 10 per ct., which would have paid for the needed protec- 
tion against the scale. Economy is possible in other orchard prac- 
tices. | 
The principal problem in the treatment of old apple orchards 
for the scale is largely one of mastering principal difficulties. There 
are no new principles involved. The large apple tree simply pre- 
sents more serious obstacles to successful treatment than exist with 
other plantings. The trees are high and spreading. The pubes- 
cence of the new growth and the old bark may protect many scales. 
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The trees planted years ago are now too close together and impede 
the movements of the spraying machine. To spray a large tree 
well requires time and patience. To have to surmount these diffi- 
culties is a new experience for which the average operator at first 
is unprepared either by inclination or training. But definite pro- 
gress can not be attained in the control of the scale until the old 
standards of spraying and spraying methods are improved upon 
and more thorough applications of the sprays are made. ‘These 
old methods and materials gave reasonable satisfaction under the 
conditions originally requiring their employment; but they are in- 
adequate under the new conditions. The chief source of weakness 
in much of the treatment of apple trees in the past is poor spraying, 
resulting from inefficient and disinterested laborers, careless super- 
vision and inadequate spraying machinery. Most of our fruit 
growers who are now very successful in their efforts against this 
pest have had to contend with these difficulties. But as they have 
gained in experience and have profited by their failures and by ob- 
servation of the methods of some more successful neighbor, they 
have gradually raised the standards of their spraying practices. 
With completely equipped power spraying outfits and efficient spray- 
ing crews, many of our fruit growers have developed systems of 
spraying adapted to their individual requirements and regularly 
each year spray their scale-infested trees, with no more concern, 
except as the insect occurs on old trees, than is felt for other im- 
portant pests. Orchardists living in localities where the scale is of 
recent introduction, will invariably, in their first experience with 
this pest, meet with similar obstacles, but by careful attention to 
all details of spraying and with a determination to win, that can 
hardly fail to be inspired by the present successes of many fruit 
growers, they should secure reasonably satisfactory results. 
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PLaTE X XIX — METHOD oF PRUNING, AND RESHAPING OF TREES IN NIAGARA 
CouNTy ORCHARD. 
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PLATE XXX — GENERAL CONDITION OF ORCHARD AT Harvest TIME, 
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PLATE XXXI.— PLAN oF NIAGARA COUNTY ORCHARD. 


LIME-SULPHUR WASH AND OIL EMULSIONS 
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SCREENING FOR THE PROTECTION OF CABBAGE 
SEED-BEDS.* 


W. J. SCHOENE. 


SUMMARY. 


1. This bulletin deals with experiments to test the value of 
cheesecloth screening for the protection of cabbage seed-beds 
against injuries by root-maggots. 

2. Two species attack the underground parts of seedlings, which 
are the cabbage-maggot (Pegomya brassicae Bouché) and 
the seed-corn maggot (Pegomyva fusciceps Zett.). These 
insects are very destructive to young plants, and are pests which 
have been very difficult to combat successfully in seed-beds. 

3. In the experiments, four large beds were made, the seed being 
sown respectively on April 29, May 13, May 17 and May 28. Screen- 
ing was applied to 21 rows of 150 feet in length of the planting 
of May 13. The remainder of the bed, consisting of 68 rows of 
equal length, was considered as a check. 

4. Plants raised under cloth grew faster and reached the desired 
size for transplanting one week before the seedlings in the check 
area. The screened sets were seasoned by the removal of the cov- 
ering thirteen days before the time of replanting, and showed no 
more wilting when transplanted than did the check seedlings. 

5. The screened bed was entirely free of maggots, and produced 
50,000 sets, which were replanted. The check bed, of more than 
three times the size, yielded only 30,000 desirable plants. The cab- 
bage-maggots were generally very destructive to unprotected seed- 
lings. 

6. The planting of April 29 was practically destroyed by flea- 
beetles and maggots. The beds sown on May 17 and 28, owing to 
the lateness of the season and injuries by maggots, did not pro- 
duce any plants of the desired size. 

7. The experiments show that screening entirely protects seed- 
lings from injuries by maggots, and indicate that it is possible to 
season the plants, by removal of the covering a few days before 
transplanting, so as to avoid the excessive wilting and losses, which 
sometimes attend the planting in the field of sets grown in covered 
frames. 


* A reprint of Bulletin No. 301. 
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INTRODUCTION. 


In many parts of the State where late cabbages are extensively 
grown, farmers frequently experience much difficulty in raising 
enough seedlings, of required size, to plant the desired acreage. 
The principal handicaps in the growing of seedling plants are flea- 
beetles and root-maggots, which in years of abnormal numbers stunt 
and destroy a large percentage of the young cabbages in the seed- 
beds. It not infrequently happens that cabbage growers, after hav- 
ing sown several beds and planted several times the amount of seed 
ordinarily required, are finally compelled to buy plants to supply the 
deficiencies. On this account in various cabbage-growing sections 
large quantities of sets have been imported from New Jersey and 
Maryland for the past several years. Farmers generally are op- 
posed to this practice and prefer home-grown plants, if they can be 
had, for reasons of economy and safety. It is claimed that seed- 
lings can be grown for about ten to fifteen cents a thousand, while 
the usual cost of imported plants will average from seventy-five 
cents to one dollar and a quarter per thousand. It is also generally 
believed that home-grown plants are more hardy and usually re- 
cuperate quicker upon transplanting in the field; and that they do 
not require to be reset in such large numbers as the imported seed- 
lings. In addition, the importing of plants or the transplanting of 
them from one farm to another is attended with certain risks, espe- 
cially in the introduction of club-root into clean fields. 

Various cabbage seed-bed problems, largely concerned with de- 
structive insects, have been under consideration by the Station for 
several years. One of these is to determine means of protecting 
seed-beds from cabbage-maggots. Of the various measures that 
have been employed in the experiments with this pest, screening 
of the plants has afforded the most efficient protection to seed-beds. 
Because of its efficiency for this purpose, the attention of growers 
is called to the value of screening of beds as one means of pro- 
tecting plants from injuries by root-maggots. 


GENERAL DISCUSSION. 


IMPORTANT SEED-BED INSECTS AND NATURE OF INJURIES. 
Two species of flea-beetles are destructive to cabbage seedlings, 
which are the turnip flea-beetle (Phyllotreta vittata Fab.) and the 
smartweed flea-beetle (Systena hudsonia Forst.), These injure 
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the young plants largely by feeding on the cotyledons, which in 
severe attacks are often destroyed or are so severely punctured 
that the plants die or fail to make the required growth in time for 
replanting. The principal injuries by these insects occur while the 
plants are appearing above ground and until they are two inches in 
height. As the cabbages increase in size, the work of the flea- 
beetles in the seed-bed gradually diminishes in importance. The 
turnip flea-beetle is the more injurious of the two species. 

Attacking the underground parts of seedlings are two species 
of maggots, which are the cabbage-maggot (Pegomya brassicae 
Bouché) and the seed-corn maggot (Pegomya fusciceps Zett.). The 
adults make their appearance in the seed-beds about the same time 
as the flea-beetles, but injuries by the maggots are usually later and 
the effects of the attacks are not fully apparent until after the prin- 
cipal work of the flea-beetles has ended. Of the two kinds of pests 
attacking seed-beds, the root-maggots are commonly regarded as 
the more destructive and the more difficult to combat. 


FARM PRACTICES TO PROTECT SEED-BEDS FROM MAGGOTS. 


Farmers generally are not successful in protecting their seed-beds 
from injuries by maggots. One of the methods most commonly 
recommended is to wet the ground about injured plants with diluted 
kerosene-emulsion or crude carbolic acid emulsion. This treatment, 
while destructive to young maggots, is, as commonly employed, not 
satisfactory. The chief reason for the failures is that the applica- 
tions are made too late or are not frequent enough. Because of the 
doubtful results attending the use of emulsions, many growers have 
abandoned the employment of insecticides and now endeavor to 
raise the desired number of plants by making larger seed-beds, and 
by sowing beds at various intervals of time. These have, in the 
main, proven somewhat uncertain and costly practices. 

A method of protecting seedling beds, which is much more 
efficient, is that of growing plants under cheesecloth screening. The 
use of screening has been tried by a few farmers, but for obvious 
reasons with somewhat varied success. As a rule the screened 
plats were not as free of maggots as they apparently should be 
and the plants, grown under cloth, did not usually recuperate as 
quickly or in as large numbers after replanting in the field as the 
seedlings grown in the open. Observations on various screened 
beds indicated that these failures could largely be obviated by mak- 
ing the frames entirely fly-proof, so that the insects could not get 
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through or under the screens, and by hardening the plants by the 
removal of the screening several days before transplanting. The 
growing of cabbage seedlings in frames for protection against mag- 
gots has not been carefully considered from all standpoints, so that 
there are many details regarding the raising of plants in this man- 
ner, on which more knowledge is needed. 


‘EXPERIMENTAL. 


EXPERIMENTS WITH SCREENING TO PROTECT SEED-BEDS. 


To determine the value of screening as a means of protection 
against maggots, and to ascertain methods by which plants could 
be grown under frames, without appreciably reducing their vitality 
for transplanting purposes, some cooperative experiments were 
undertaken in 1907 with Mr. Levi Page of Seneca Castle. Cabbage 
is one of the principal crops in this part of Ontario County, and 
much trouble has been experienced in recent years in growing seed- 
lings because of the severe attacks of the cabbage-maggots. As 
screening of beds was to be tried by a number of growers on a more 
or less extensive scale, a favorable opportunity was also presented, 
by cooperation with a number of farmers, to determine the prac- 
ticability of this means of protecting seed-beds. 


GENERAL CONDITIONS OF EXPERIMENTS. 


The field selected for the planting of the beds consists of a rich 
black loam with a clay subsoil and was quite free of weeds. Pre- 
vious to seeding, the portion of the field selected for the beds was 
heavily enriched with chemical fertilizers and was then harrowed 
at various intervals, as the condition of the soil permitted. Four 
beds were made, the seed being sown respectively on April 29, May 
13, May 17 and May 28. For the purpose of this bulletin the 
second sowing, for which bed cheesecloth screening was used, need 
only be considered. 


DETAILS OF EXPERIMENT WITH CHEESECLOTH SCREENING, 


In this bed the seed was sown on May 13. The larger part of 
the seeding was made in rows twelve inches apart, using a garden 
drill, while for the portion intended to be screened, the seed was 
planted in rows only six inches apart. The number of rows in- 
cluded in the closer planting was 21, and the rows were 150 feet 
long. On May 20, this portion of the bed was enclosed. For the 





PLATE XX XII.— CABBAGE SEED-BED SHOWING FRAME AND SCREENING IN 
POSITION AND CONDITION OF PLANTS AT REMOVAL OF SCREENING. 
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frame 12-inch boards were used, which were held in place by 
lapping the ends and by upright stakes driven in the ground. 
Cheesecloth was used for the covering. Four 3-foot widths were 
required, which were sewn to make one sheet. The cloth was 
fastened firmly to the frame by short nails driven through laths. 
To prevent sagging of the cloth, a heavy wire, supported by up- 
right stakes, and running lengthwise of the bed, was used. All 
openings into the enclosed area, due to the uneven ground, were 
filled by banking the boards with earth. 

For the purpose of comparison as to the growth of the plants 
and injuries by various insects, the uncovered portion of this bed, 
consisting of 68 rows, of 150 feet in length, may be considered as a 
fair check. Under this heading there may also be included some 
earlier and later plantings, which were also unprotected, and which 
may be properly referred to for the purpose of bringing out more 
clearly than do the real check sets, some important features of the 
a‘tacks of injurious insects in the seed-beds. 


RESULTS ON PLANTS IN SCREENED PLAT. 


The plants in the screened area began to appear above ground 
on May 20, which was seven days from the time of seeding. In 
the interval following the sowing of the seed and the appearance 
of the plants, the turnip flea-beetles were present in large numbers 
and destroyed a large percentage of the seedlings in the earlier 
plantings in other parts of the field. At this date they were, how- 
ever, not so ravenous and were gradually becoming less destructive 
in the seed-beds. Only a few of the beetles entered the screened 
frame, and these caused unappreciable injuries. The seeds were a 
little too thickly sown in the row, but as the conditions of soil as 
regards moisture and warmth were very favorable, the plants made 
a good growth. On June 20, one month after covering the frame, 
the screen was removed to harden the plants in preparation for 
transplanting. At this time the sets were quite uniform in size 
and averaged from about six to seven inches in height above ground, 
and in growth were fully one week ahead of the checks. 

Upon removal of the screening, the bed was carefully examined 
from day to day for the eggs of the cabbage flies, the intention 
being to start the transplanting immediately upon the appearance 
of maggots, which would have allowed sufficient time to finish the 
work without important losses by these insects. But as no eggs 
were detected, the plants were allowed to become more seasoned, 
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and the resetting was done by machine, as is common in the field 
operations in this community. The number of plants, by actual 
count, taken from the screened bed was 50,000, which were set by 
July 3. As compared with seedlings grown in the open, the sets 
upon transplanting showed no more wilting than is usual and made 
a normal growth. 

RESULTS ON CHECKS. 


Early seeding.—This bed consisted of 63 rows of go feet in 
length and the seeding was made on April 29. Owing to the cold 
weather, the plants did not commence to appear above ground 
until May 12, when they were immediately attacked by flea-beetles, 
which during the following week destroyed over 50 per ct. of the 
planting or approximately 70,000 plants. The cabbage flies (Pego- 
mya brassicae and P. fusciceps) were also present in large numbers 
and eggs were being deposited about the roots of the seedlings as 
early as May 29. The injuries caused by the flea-beetles, and espe- 
cially by the cabbage-maggots, stunted and destroyed a large propor- 
tion of the remainder of the plants so that only a few dozens of 
sets were available for replanting. 

Medium time of seeding: Checks proper.— This bed consisted of 
68 rows of 150 feet in length and was sown on May 13. The con- 
ditions were the same as with the screened area, except that the 
rows were I foot apart and were not protected by covering. The 
date of the appearance of the plants above the ground was May 20, 
which was the same for both lots. The warm weather and fre- 
quent showers were very favorable to the plants which at the start 
made a good growth. A few flea-beetles were present in this bed 
but they did not cause important injuries. The cabbage flies were 
very numerous and on still warm days were very active in deposit- 
ing eggs about the plants. On June 20 the first appearance of in- 
juries by maggots was detected, and although there was no general 
wilting of the plants, partly due to the moist condition of the soil, 
an examination showed that the bed was well infested with root- 
maggots. During a succession of hot days in the following week 
these insects destroyed many seedlings and affected very appreciably 
the growth of the remainder of the plants, which made no material 
increase in size. It was estimated that at least 40 per ct. of the 
plants were killed by the maggots. On July 3 the plants that were 
still alive were much smaller than those grown under screening 
and, as they were generally undersized, only 30,000 seedlings were 
used for transplanting. The amount of seed that was sown in this 
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bed was considered sufficient to produce the required number of sets 
for planting forty acres but only q little more than four acres were 
actually planted. 

Late seeding.—Additional beds were sown on May 17 and May 
28, but owing to the attacks of root-maggots and the lateness of the 
season, all of the plants that survived were undersized and none 
were transplanted. 


COST OF MATERIALS FOR FRAME AND SCREENING. 


The length of the seed-bed was 150 feet and the width was 12 
feet. The items of expense for materials for the frame and cover- 
ing are as follows :— 


ITEMS oF EXPENSE. 


200 yards cheesecloth at 234 cts. and cost of sewing............. $6 00 
eee MDE I 2h )V at. a (Cis, y. ode, a beke fee ee ela ac oid alee pas 12 96 
MRT att StACK SAE ees duae wd sucekes cide ee seeeia eve Rint Fe T25 

$20 21 


The number of seedlings transplanted from this bed was 50,000, 
which makes the first cost of the frame and screening approxi- 
mately about 40c. per 1,000 plants. Estimating that the screening 
could be used for three seasons, as is generally agreed, and that 
the boards could be used for this purpose for at least ten years, 
the cost of the materials for screening a bed, on the basis of these 
experiments, would be approximately 8 cents per thousand plants 
each year. The initial cost of the lumber could have been much re- 
duced by having the frame more nearly square, rather than oblong. 


OPINIONS OF FARMERS ON SCREENING CABBAGE 
SEED-BEDS. 


The screening of cabbage seed-beds for protection against mag- 
gots has not generally proven successful. However, a number of 
growers during the past season covered a portion of their beds in 
the manner described in the Station’s experiment and all have 
been well satisfied with the quantity and the growth of the seedlings 
in the screened frames. 

The opinions of a number of farmers, who have reported their 
results, are summed up as follows: The cost of boards is not en- 
tirely considered as an item of expense; for if it were necessary to 
purchase a new supply, the value of the lumber for other farm 
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purposes is not materially lessened. All report that in the growing 
of plants under screening considerably less seed is needed than by 
the old methods to produce the required number of seedlings and 
some assert that this saving is sufficient to pay for the cheese-cloth. 
The belief is generally expressed that the screening of seed-beds in 
communities where the cabbage-maggot is an annual pest, is prac- 
ticable and that seedlings can be efficiently protected from injuries 
by these insects. 


SUMMARY AND CONCLUSIONS. 


The experiments that have been made show that by the use of 
tight frames, covered with cheesecloth, cabbage sets can be grown 
free from injuries by root-maggots. ‘The plants raised under cloth 
grow faster and in average years will probably reach the desired 
size for transplanting earlier than the seedlings in the open beds. 
The screened sets are also quite liable to be more tender, and if not 
well hardened, are generally more subject to wilting on replanting. 
Present experience indicates that the seedlings may be made more 
resistant to the usual injuries upon transplanting by the removal of 
the screening for at least one week before the time of planting, and 
that this seasoning may be done without much risk of injuries by 
maggots. 

Screening of cabbage seed-beds is practiced by comparatively few 
growers, and usually only small percentages of the number of 
plants required for their purposes are at present raised under cloth. 
The methods that are employed in growing seedlings under screened 
frames often vary in minor particulars with individual farmers, 
and there is a diversity of opinions on such details as the grade of 
cloth and size of mesh to use, and the amount of seed to sow in 
beds to be screened, to produce the maximum number of plants, 
etc. More exact methods in growing sets in this manner can only 
be determined after more time for proof and verification. There 
is no question but that with screened frames, cabbage seedlings can 
be raised absolutely free from losses by maggots, but the practicabil- 
ity of the attempt, by the average grower in this State, to raise all 
or a large proportion of his plants under cloth, remains to be 
demonstrated. For this reason we would not advise, at least for 
the present, the extensive use of screening; but it is hoped that cab- 
bage growers who are subject to annual losses in their seed-beds 
by maggots will make at least a small test to determine the value of 
screened frames under their own conditions. Precise instructions 
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can not be given in some of the details in raising seedlings by this 
method, as would be desirable, but observations of the practices of 
a number of co-operating farmers are the basis of the following sug- 
gestions to the grower who desires to test the practicability of 
screening seed-beds as a means of protection against root maggots. 


SUGGESTIONS ON SCREENING CABBAGE SEED-BEDS. 


Locate the seed-bed on a fertile and well drained piece of land, 
where there can be no accumulation of water or washing by rains 
under the frame. ‘The ground should be free of weeds and should 
not have grown, the year before, cabbages or other cruciferous 
plants. For seed-beds it is customary to apply to the land a liberal 
quantity of a high grade chemical fertilizer. The seed should be 
drilled in rather thickly in rows six inches apart. The planting of 
the seed may be done at the usual season, but to avoid injuries by 
the flea-beetles it would be well to delay the seeding till the appear- 
ance of the beetles, which will largely have satisfied their ravenous 
appetites by the time the young plants appear. As the seedlings 
begin to show above ground, screen the bed immediately. For the 
frame, 12-inch boards are generally employed, which are held in 
place by upright stakes. To prevent the covering from sagging in 
the middle a heavy wire, running the length of the bed and a little 
above the height of the boards, and supported by stakes, is used. 
The screening, consisting of three or more widths of cheesecloth, 
sewn together to make one sheet, should be fastened to the frame 
by laths, through which small nails are driven. All openings into 
the bed, due to the unevenness of the ground, should be filled up by 
banking the boards with earth. To season the plants before trans- 
planting, the screening should be removed one week or ten days 
before the time of setting. In this interval of time examinations 
should be made occasionally about the stems of the young plants 
near the surface of the ground for eggs, deposited by flies coming 
to the bed from the outside. When any are discovered transplant- 
ing in the field should commence. 
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DIPPING OF NURSERY STOCK IN THE LIME- 
SULPHUR WASH.* 


P. J. PARROPT, H. E.HODGKISS 4np W: J> oCH Omi. 


SUMMARY. 


Dipping in the lime-sulphur wash is a method of treatment pro- 
posed for the disinfecting of nursery stock for such pests as the 
San José scale, woolly aphis and other destructive insects. Its 
utility for these purposes has not been thoroughly established, and 
more knowledge on the safeness and efficiency of this treatment 
has been desired. This bulletin is a contribution of additional data, 
which ‘are based on experiments to determine: (1) The effective- 
ness of the lime-sulphur wash as a dip on the San José scale, and 
(2) the effects of dipping in this mixture upon the health of nursery 
recs: 

Tests were made of the standard lime-sulphur wash at tempera- 
tures of 60°, 100°, 120°, and 212° F. For purposes of comparison, 
experiments were also made with kerosene emulsion, containing 10, 
I5, and 20 per ct. of oil; miscible oil diluted with 10, 15 and 20 
parts of water; and hydrocyanic acid gas at the rate of 0.3 gram 
of potassium cyanide per cubic foot. The stock used for these 
tests was 180 3-year old Bartlett pears and 970 3-year old Ben 
Davis apples, all of which were infested with the San José scale; 
and 300 Mann apples, 470 Bartlett pears, 300 Satsuma plums and 
300 Fitzgerald peaches, all of which were clean and healthy trees. 

Immersion in the lime-sulphur wash at temperatures ranging 
from 60° to 120° F. and for time periods varying from instantane- 
ous dipping to immersion for ten minutes gave uncertain results on 
the scales. When heated to 212° F. the wash killed the scales and 
caused severe injuries to buds and bark, which ruined the trees. 
The wetting of the roots of fruit trees by this wash was generally 
accompanied with injuries. These were especially severe with 
Fitzgerald peaches and Ben Davis apples, of which 95 per ct. and 
96 per ct., respectively, were killed. The treatment, by immersion 
of the tops of apples, pears, peaches and plums, for less than three 
minutes in the sulphur wash, at temperatures of 60° to 120° F., was 
usually unattended with appreciable injuries. 


* A reprint of Bulletin No. 302. 
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In the field experiments, the preparations of the oil emulsion 
and miscible oil caused no apparent harm to any of the trees, even 
when the roots were immersed. The emulsions containing 15 per 
ct. and 20 per ct. of kerosene, or miscible oil diluted with 10 and 15 
parts of water, were more efficient as dips on the San José scale 
than the sulphur wash. In laboratory tests conducted later, trees 
were frequently severely injured by the immersion of their roots 
in emulsions containing 20 per ct. of kerosene. Fumigation with 
hydrocyanic acid gas completely destroyed the scales and the treat- 
ment was not harmful to the trees. 

The results of these experiments indicate that dipping of nursery 
trees in the standard lime-sulphur wash for the purpose of destroy- 
ing the San José scale is a doubtful practice. Nurserymen are 
advised to continue the use of fumigation with hydrocyanic acid 
gas, which is the more efficient means of freeing dug nursery stock 
of this pest. 


ENGDRODWC LION: 


With the introduction of the San José scale as a nursery and 
orchard pest, some system of official supervision of nurseries, which 
had in view control of this insect, became imperative. To this end, 
nursery inspection laws, designed principally to prevent the dis- 
tribution of the scale by the trade and to protect innocent pur- 
chasers, were enacted in many states. The official inspection and 
certification of nurseries that followed, and the growing practice of 
intending purchasers of buying only of responsible firms, have 
awakened nurserymen generally to the necessity of affording suit- 
able protection to their plants and of selling only clean and reliable 
stock. ‘To meet the demands of the trade for protection against 
the scale, fumigation of nursery stock before shipment with 
hydrocyanic acid gas was put into practice with the passage of the 
inspection laws, and has been generally recognized as the most 
efficient method for the general treatment of the common injurious 
insects of dug nursery.trees. 


DIPPING FOR THE TREATMENT OF NURSERY STOCK. 


Within recent years, interest in the dipping of nursery stock in 
contact sprays has been revived as a means of insect destruction as 
an alternative treatment for fumigation as commonly practiced. 
The mixture generally suggested for the purposes of a dip is the 
lime-sulphur wash, because of its efficiency as a spraying mixture 
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for the San José scale, and its valuable fungicidal qualities for 
various fruit diseases. The advantages claimed for this treat- 
ment by immersion, although they have not been well substantiated, 
are its convenience and general adaptibility for the purposes for 
which fumigation with hydrocyanic acid gas would be employed. 
This method of treating nursery stock has not been officially recog- 
nized, except by the Oregon State Board of Horticulture,) which, 
at the request of the nurserymen of that state, annulled on October 
8, 1906, Rule 8 of the quarantine regulations, requiring nursery 
stock to be fumigated, and substituted in its place a provision which 
compelled dipping in a standard solution of the lime-sulphur wash. 
Present interest in the probable utility of this treatment in actual 
practice is largely the result of the adoption of this rule. 


PRESENT STATUS OF DIPPING AS A MEANS OF DISINFECTING NURSERY 
STOCK. 


Dipping of nursery stock in various contact sprays is not a new 
practice and has long been employed for various purposes by nur- 
serymen, especially for the treatment of scions and budding sticks. 
With the appearance of the San José scale as a nursery pest, the 
immersion of infested trees in strong liquid insecticides was 
naturally, in view of existing practices, one of the first methods to 
be suggested and to be officially tested, to determine the value of the 
more promising sprays then in use, as disinfectants for this pest. 

Upon the discovery of the San José scale in nurseries on Long 
Island in 1894, Mr. F. A. Sirrine* of this Station directed some 
extensive experiments on the treatment of nursery stock, by im- 
mersion of trees in strong preparations of whale-oil soap, which 
was then regarded as the most efficient spraying insecticide for this 
insect. The results were not entirely successful and the failures 
were attributed to careless work in the dipping operations. Dip- 
ping of purchases of trees, before planting, in soap mixtures is still 
practiced by some fruit growers as a means of precaution, to pre- 
vent the introduction on their premises of destructive insects such 
as scales and root-inhabiting lice. 

In recent years, with the growing interest in this treatment, a 
number of experiments have been undertaken to determine the 


*Oreg. Bd. Hort., Bien. Rpt. 9: 120. 1905-6. 
* Ann. Rept. of this Station, 14: 612. 1895. 
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utility of the newer and more efficient spraying mixtures for dip- 
ping purposes. Prof. C. P. Close’ of the Delaware Experiment 
Station, has made some extensive tests to ascertain the effects of 
immersing fruit trees in oils, oil emulsions and the lime-sulphur 
wash. The results of these tests indicated the danger of wetting 
roots with contact sprays. The tops of the trees, especially of 
apples, proved much less sensitive to injury. In 1904, Mr. F. W. 
Faurot? dipped a number of trees in the lime-sulphur wash with 
slight losses. A test was again made in the following year with 
twenty-five apples and twenty-five peaches. None of the apples 
sustained injuries while four of the peaches were killed. A portion 
of this loss was attributed to adverse conditions in planting. 
Dipping of nursery trees in the lime-sulphur wash has been 
practiced quite extensively in Georgia, and the results have ap- 
parently been satisfactory. An experiment conducted by Prof. 
Wilmon Newell’ indicated, however, that injuries might follow this 
treatment; and on the basis of his results, warning was given to 
fruit-growers of the possible damages to young trees by this prac- 
tice. Dr. G. F. Warren* made a test with 100 Mountain Rose 
peaches, to determine the effects of dipping in the lime-sulphur 
wash on the health of the trees. One lot of trees was immersed in 
the lime-sulphur wash of double strength. No apparent injuries 
attended the treatment, even when the roots were immersed. In an 
experiment conducted by Prof. J. L. Phillips,’ of Virginia, apple 
trees allowed to remain in the standard lime-sulphur wash at tem- 
peratures of 60° to 120° F. for five minutes, sustained only slight 
injuries. The effects of the dipping on peaches were much less 
favorable, for many trees died as a result of the treatment. Im- 
mersion in this wash did not entirely rid the plants of the scales. 
Dipping of nursery trees in liquid sprays is not generally prac- 
ticed by nurserymen and fruit-growers, and its use seems to be 
largely experimental. There is very little definite knowledge of 
the real advantages to be derived from this practice and of the con- 
ditions under which immersion of plants can be safely employed. 


Sigel, Sta. Ann, Rpts., 15: 137; 16, 17 & 18: 48: 1003-1906. 
*Mo. Fruit Sta., Bul. 14. * 1906. 

®Ga. Bd. of Ent., Bul. 14, p. 30. 1904. 

EM. JecStaBul. 1o7;:pat4y; 1900. 

®Va. Hort, Soc. Ann. Rept., 11: 105. 1906. 
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EXPERIMENTS IN DIPPING MADE AT THIS STATION. 


OBJECTS. 


The experiments reported in this bulletin were undertaken for 
the purpose of contributing further data on the value of dipping 
in the lime-sulphur wash for the treatment of nursery stock infested 
with the San José scale. The principal factors to be considered in 
determining the utility of the mixture for this purpose are its 
efficiency and safeness. In this inquiry, efforts were largely di- 
rected toward ascertaining: (1) The effects of the treatment on 
the scale, and (2) the effects of the treatment on the trees. 

The ultimate aim of this work is to determine the value of the 
more efficient spraying mixtures for the disinfection of nursery 
trees for the common injurious insects. This information is 
especially sought for by fruit-growers, who are gradually realizing 
the desirability of treating their own purchases of stock before 
planting, for woolly aphis, peach aphis, San José scale, etc. A safe 
and efficient dip for these purposes would encourage the fruit- 
grower to rely more on his own efforts to protect the trees and less 
on the nurserymen, and would aid in dispelling the present uncer- 
tainty and confusion that now attends the placing and filling of 
orders for nursery stock. 


OUTLINE OF THE EXPERIMENTS. 


For the experiments 970 Ben Davis apples, 300 Mann apples, 650 
Bartlett pears, 300 Satsuma plums and 300 Fitzgerald peaches were 
used. The trees were three years old. The Ben Davis and Bart 
lett stocks were generally well infested with the scale while the 
remainder of the trees were clean. The standard lime-sulphur 
wash was used for the larger number of the experiments, but com- 
parative tests were also made with kerosene emulsion, containing 
IO, 15 and 20 per ct. of oil, with miscible oil diluted with 10, 15 and 
20 parts of water, and with fumigation, using potassium cyanide at 
the rate of 0.3 gram per cubic foot. In the dipping operations the 
trees were immersed singly. For the main portion of the experi- 
ments, the temperature of the spraying mixtures was 60° F. To 
determine the effects of higher degrees of heat and prolonged im- 
mersion on both scales and trees, tests were made with these mix- 
tures at temperatures varying from 60° to 212° F., and with time 
periods varying from instantaneous dipping to immersion for ten 
minutes. To ascertain the effect upon the health of the plants of 
wetting roots with the sprays, in most cases half the trees in each 
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lot were dipped with the exception of the roots and the others were 
wholly immersed. In each experiment checks were reserved of 
each variety for purposes of comparison, to note the effects of the 
various treatments upon the scales and the health of the trees. 


THE EFFECTS OF DIPPING ON THE SAN JOSE SCALE. 


EXPERIMENT NO. I. 


INFESTED BEN DAVIS APPLES DIPPED IN SULPHUR WASH OF DIFFERENT 
TEMPERATURES. 


The principal object of this experiment was to determine the 
effects of dipping trees in the lime-sulphur wash, heated to various 
temperatures, upon the San José scale. The trees used for this 
test were Ben Davis apples of three years of age, which were 
moderately encrusted with the scale. While the scale was in con- 
spicuous numbers on them, the trees appeared to be vigorous and 
showed no appreciable signs of injury other than the usual dis- 
coloration of the cambium layer. ‘The trees selected for treatment 
were dug from the nursery row on April 4, suitable protection being 
immediately given from the sun and the wind. They were dipped 
during the following day in the lime-sulphur mixture, prepared 
after the standard formula. The trees were dormant and showed 
no signs of growth other than a slight swelling of the buds. 

For the dipping operations, four preparations of the standard 
lime-sulphur wash, with temperatures of 60°, 100°, 120° and 
212° F. respectively, were made. Four lots, of thirty trees each, 
were quickly plunged into the respective preparations of the wash 
and instantly withdrawn. Immediately after they were dipped the 
trees were “ heeled in; and on May 6 were planted 18 inches apart 
in rows 4 feet apart. They were afterward cultivated according to 
nursery practice. , 

Results on scale— On July 5, active lice were discovered for 
the first time for the season. A\ll the lots, exclusive of those dipped 
in the wash at 212° F., had a few trees on which there was an oc- 
casional active scale. The majority of the trees showed no signs 
of larval activity. On August 14 the lice were more numerous and 
there was quite a little sprinkling of scales on the trees that were 
originally much more encrusted. A few trees in each lot were free 
of scale. As a result of the treatment, a large percentage of the 
old infestation had weathered off, and the bark of the trees was 
quite clean, and in marked contrast to the checks, which were much 
encrusted. An examination of the trees on September 8 showed 
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that about one-third of them, not including the lot dipped in the 
wash at 212° F., were clean, while the remaining two-thirds showed 
an infestation which varied from 2 per ct. to 35 per ct. of that 
previous to the treatment. The lot dipped in wash heated to 
212° TF. were entirely cleaned of scales but were much injured. 
The injury was especially apparent on the younger growth. 


EXPERIMENT NO. II. 


INFESTED BEN DAVIS APPLES DIPPED FOR DIFFERENT TIME PERIODS 
IN A SULPHUR WASH. 


The purpose of this experiment was to determine the effects of 
immersion for different periods of time upon the San José scale. 
Six lots of trees, each comprising 30 well-infested Ben Davis apples, 
were used. One lot was simply plunged into the wash and im- 
mediately withdrawn, while the others were immersed respectively 
for one, two, three, five and ten minutes. The temperature of the 
sulphur wash was 60° F. 

Results on scale-—— The trees were examined at regular intervals 
to determine the effects of the treatment on the San José scale. 
On July 5 a few larvae were found on a number of trees in all of 
the lots. During August there was a slight increase in the num- 
bers of the scales, but in no instance was the new infestation con- 
spicuous. As compared with the condition of the trees before 
dipping there was a marked reduction in the numbers of the scales. 
The moderately infested trees were as a rule quite clean, and larval 
activity was usually most prominent on the trees that were originally 
the most infested. Taking the trees as a whole, there was very lit- 
tle difference in the amounts of scale destroyed by dipping for the 
various time periods. In all of the lots there were some trees that 
were clean and others that showed varying degrees of infestation, 
which was sometimes as much as 35 per ct. of that at the time of 
the treatment. 

EXPERIMENT NO. III. 


INFESTED BARTLETT PEARS DIPPED IN SULPHUR WASH FOR DIFFERENT 
TIME PERIODS. 


The details of this experiment are the same as the one just pre- 
ceding, differing only in that 180 Bartletts were used in place of the 
apples. All the trees were well infested with the scale. 

Results on scale——In all of the lots there were trees which 
showed on July 5 more or less breeding of the scale. By Septem- 
ber 8 there was no apparent difference in the conditions of the trees 


‘ 
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in the various lots. Some trees were clean and the others, although 
the numbers of the scales were much reduced, showed varying de- 
grees of infestation. 
EXPERIMENT NO. IV. 
INFESTED BEN DAVIS APPLES DIPPED IN VARIOUS SPRAYS. 

This experiment was a comparative test of various sprays to 
determine their merits for the treatment of nursery stock by dip- 
ping. The mixtures employed were the standard lime-sulphur 
wash; kerosene emulsion containing 10, I5, or 20 per ct. of oil, and 
miscible oil at the rate of 5, 624 or Io per ct. Hydrocyanic acid 
gas was used for the purpose of comparing its effectiveness with 
the liquid sprays. For the fumigation, 0.3 gram of potassium 
cyanide per cubic foot was used. The temperature of the mixture 
was 60° F. Seven lots of trees were dipped in the respective 
preparations, and one lot of thirty trees was fumigated. 

Results on scale—— The effects of the different treatments on the 
scale, as shown by observations on July 5, August 14 and Sep- 
tember 8, are briefly summarized in the accompanying table. 

TABLE I.—EFrects ON ScALe oF Drippinc Ben Davis Apple TREES IN 


VARIOUS REMEDIES. 
SS SSS E———EEEeE—E—E—E—EE——EE—E————E—EEEEEEEeeee 











DATES OF OBSERVATION. 
No. 
REMEDIES. of 
trees 
July 5. August 14. September 8. 
Sul pAtir wash . oss. 120 | Few active scales..| Sprinkling of scales,,) Some trees clean. 
some trees clean Others with quite 
a few scales. 
Kerosene emulsion| 16 | No active scales...| Few active scales..| Some trees clean. 
(10 per ct. oil). Others with a few 


scales. 





Kerosene emulsion| 16 | An occasional scale.}| An occasional scale.| Trees usually clean. 














(15 per ct. oil). Very few scales. 
Kerosene emulsion| 66 | No active scales...| Rarely a young} Two trees showing. 
(20 per ct. oil). Scale... few scales. Other 
trees clean. 4 
Miscible oil (1-10),..| 10 | Except on one tree] Rarely Fan}{active| .Three'# trees with 
no signs of active Stale. yicde ens t few scales.” Other 
scales. trees clean. 
Miscible oil (1-10)...| 40 | No active scales...}| Few young scales..| Severa! trees clean. 
Others with few 
scales. 
Miscibile oil (1-20)..| 10 | Few active scales..| Quite a few active) Some trees clean. 
bua 2 init scales. ; Others with 
ed ® sprinkling of 
- scales. 
Hydrocyanic acid gas} 18 | No active scales...| Scales apparently} No signs of living 
all dead. scales. 
GHECKSIey, celetols.« ose 30 pais a few active| Many_active scales.| Trees well encrust’d 
scales. 


| A en 
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None of the liquid treatments entirely destroyed the scales and 
there was more or less breeding, which varied according to the 
spray and the dilution employed. The most efficient of this class 
of remedies were the kerosene emulsion containing either 15 or 20 
per ct. of oil, and miscible oil, diluted with either ten or fifteen parts 
of water. The stronger preparations of these two mixtures gave 
almost perfect results, as there were only two trees treated by the 
former and three trees treated by the latter, which showed any 
larval activity, and that was very slight. Of the trees dipped in the 
_ sulphur wash some were free of scales and others were more or 
less infested. Of the treatments to which the trees were subjected, 
fumigation with hydrocyanic acid gas was the only one that 
effectively checked the breeding of the scales. 


THE EFFECTS OF DIPPING‘ON PRU Liv Deities 
EXPERIMENT NO. V. 


BEN DAVIS APPLES DIPPED IN SULPHUR WASH AT DIFFERENT 
TEM PERATURES. : 

The purpose of this experiment was to determine the effects of 
dipping in the lime-sulphur wash upon fruit trees. The variety 
used was the Ben Davis apple, of which there were 120 trees, 
divided into 4 lots of 30 trees each. Four preparations of the 
standard lime-sulphur wash were made, which were maintained at 
temperatures of 60°, 100°, 120° and 212° F. respectively, during 
the dipping operations. In the treatment of the trees, each lot was 
first equally divided, and one-half the trees were entirely dipped in 
the mixture, while the others were immersed with the exception of 
the roots. Dipping was instantaneous. 

Results on trees —— The effects of dipping upon the trees and the 
behavior of the trees following the treatment are plainly indicated 
by the following brief notes, which are based on observations made 


on the dates given. 
Lot 1. TEMPERATURE 60° F. 
ONLY TOPS DIPPED. 
May 22. Trees leafing. Some buds retarded on all of the trees and a 
’ number of trees are much more backward than others. 
June 5. Foliage fair. Trees backward, because of a late spring. 
July 5. Trees normal, with abundant foliage, and making good growth. 


TOPS AND ROOTS DIPPED. 
May 22. Trees leafing. General conditions as above on same date. 
June 5. Foliage about same as above but not quite so abundant. Some 
leaves are wilting. | 
July 5. Three trees are alive and twelve trees are dead. 
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Lot 2. TEMPERATURE 100° F. 


ONLY TOPS DIPPED, 
May 22. Conditions as above. . 
June 5. Conditions as above. 
July 5. Trees normal. 


TOPS AND ROOTS DIPPED. 
May 22. Condition of trees generally as above. 


June 5. Every tree shows signs of decline. 
July 5. Ali trees dead. 


Lot 3. TEMPERATURE 120° F. 


ONLY TOPS DIPPED. 
May 22. Same as preceding. 
June 5. Same as preceding. 
July 5. Trees normal. 

TOPS AND ROOTS DIPPED. 


May 22. All trees show retardation of buds. 
June 5. Trees show evidence of decline, leaves wilting and falling. 
July 5. All trees dead. 


Lor 1. TEMPERATURE 212° F. 


ONLY TOPS DIPPED. 


May 22. Many buds killed. Leaves are very few in number. 

June 5. Tips of branches are dead. Amount of foliage reduced. 

July 5. All trees show evidences of injury by much cracking of bark, 
small growth and less abundant foliage. 


TOPS AND ROOTS DIPPED. 


May 22. Four trees are apparently dead. Many buds have been killed 
Foliage is scanty. Bark is much cracked. 

June 5. All trees in rapid decline. 

July 5. All trees dead. 


Summary of results—— Instantaneous dipping of the tops of trees 
in the sulphur wash at temperatures of 60°, 100° and 120° F. 
caused no appreciable injuries. Complete immersion of the trees, 
including their roots, was in nearly every case attended with the de- 
cline of the plants within three’ weeks of leafing. Of sixty trees 
that were entirely dipped, 57, or 95 per ct. of the number treated, 
died as a result of the roots being wetted by the mixture. The 
dipping of the tops of the trees in boiling preparations destroyed 
many buds and caused much cracking of the bark. Trees wholly 
immersed in the boiling wash were killed. ‘All of the checks, thirty 
in number, lived and made a satisfactory growth. 


I2 
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EXPERIMENT NO. VI. 


BEN DAVIS APPLES DIPPED:FOR DIFFERENT TIME PERIODS IN A LIME= 
SULPHUR WASH. 


This experiment was to ascertain the effects upon nursery fruit 
trees of immersion for different time periods in the lime-sulphur 
wash. Apples of the Ben Davis variety were used. There were 
180 trees, divided into six lots of 30 trees each. For dipping, each 
lot was first equally divided, and 15 trees were wholly immersed 
and the remaining 15 trees were dipped, leaving the roots untreated. 
The temperature of the wash was 60° F. The time periods were 
instantaneous immersion and dipping for one, two, three, five and 
ten minutes respectively. 

Results on trees— The effects of the treatments are briefly as 
follows: 

Lot 1. IMMERSION. 
TOPS ONLY. 
May 22. Trees leafing. 


June 5. Foliage fairly abundant. 
July 5. Trees normal, with healthy foliage and vigorous growth. 


TOPS AND ROOTS, 


May 22. Trees leafing as above. 

June 5. General condition of trees same as above, only some leaves are 
wilting. 

July 5. Three trees are alive and 12 trees are dead. 


Lot 2. DiIpPpeD ONE MINUTE. 


TOPS ONLY. 
May 22. Trees leafing. 
June 5. Trees in foliage, showing small losses of leaf buds and slight twig 
injuries. 
July 5. Trees in excellent condition. 


TOPS AND ROOTS, 
May 22. Trees normal. hike 
June 5. Trees are dying. sin) 
July 5. All trees are dead. 


Lot 3. Dirpep Two MINUTES. 
TOPS ONLY. 


May 22. Six trees are normal and 9g trees are very backward. 
June 5. Fourteen trees are in full foliage and 1 tree dead. 
July 5. Fourteen trees are normal and 1 tree is dead. 


May 22. 


June 5. 


July 5. 


May 22. 


June 
July 


ur Yt 


May 22. 


June 5. 


July 5. 


May 22. 


June's. 


July 5. 


May 22. 


June 5. 
July 5. 
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TOPS AND ROOTS. 


Trees are more backward than the above. Retardation of buds 
is very marked. 

All trees are declining. 

Fifteen trees are dead. 


Lot 4. Diprep THREE MINUTES. 
TOPS ONLY. 


Four trees show normal foliage and 11 trees have leaves reduced | 
in size. There are some dead twigs. Small losses of buds. 
Trees are making good growth. 
Trees are normal. 
TOPS AND ROOTS, 


Four trees with slightly smaller leaves than the above. Remainder 
of trees show considerable retardation and injuries to bark and 
buds. 

All trees are declining. 

Thirteen trees are dead and 2 are barely alive. 


Lot 5. Diprep Five MINUTES. 
TOPS ONLY. 


Six trees are normal and 9g trees show retardation and small losses 
of buds, and a few dead twigs. 

With exception of small amount of dead twigs and slight reduction 
in number of leaves, the trees are normal. 

All trees are in a thrifty condition. 


TOPS- AND ROOTS. 


Eight trees are normal and 7 trees are backward, with losses of 
buds. and twig injury. 

All trees are declining. 

All trees are dead. 


Lot 6. DiprPep TEN MINUTES. 
TOPS ONLY. 


Trees are in leaf and are making a uniform growth. The leaves 
average smaller than those on trees in the lots dipped for short 
time periods. 

Trees are normal, with only slight injuries to buds and bark. 

Growth of trees is normal, but foliage is not quite so abundant as 
that of the preceding lots when tops only were dipped. 


TOPS AND ROOTS, 


Three trees are normal. Remainder of trees with uneven growth 
and buds are barely bursting. Slight losses in buds and some 
injury to twigs. 

All trees are declining. 

All trees are dead. 
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Summary of results——As in experiment V, the immersion of the 
roots of Ben Davis apples in the lime-sulphur wash invariably re- 
sulted in the death of a large number of the plants. Of ninety that 
were wholly dipped, 85 trees, or 94 per ct. of the number treated in 
this manner, were killed. Dipping of the tops of the trees was un- 
accompanied by important injuries. Immersion of ihe tops of the 
trees for periods of five to ten minutes seemed to cause a slight 
retardation of the buds, and in some instances to destroy a few buds 
and to injure the tips of pruned branches. All of the thirty checks 
lived, without showing appreciable injuries by transplanting. 


EXPERIMENT NO. VII. . 
BEN DAVIS APPLES DIPPED IN DIFFERENT SPRAYS. 


The sprays employed were the standard lime-sulphur wash, 
kerosene emulsion, containing 10, 15 and 20 per ct. of oil, and 
miscible oil in the proportions of one part to ten, fifteen and twenty 
parts of water. For purposes of comparison 18 trees were fumi- 
gated with hydrocyanic acid gas, using potassium cyanide at the 
rate of 0.3 gram per cubic foot. Each lot of trees intended for 
treatment by a mixture at a desired strength was divided equally, 
and half the trees were wholly immersed and half were dipped 
with the exception of the roots. The temperature of the liquids 
was 60° F. For the experiment 430 Ben Davis apples were dipped. 
In the treatment, the trees were plunged into the mixtures and in- 
stantly withdrawn. 

Results on trees —— The effects of the different treatments on the 
trees are shown in the accompanying table :— . 


TasLE I] —Errects on Ben Davis APPLE TREES OF DIPPING IN VARIOUS 











SPRAYS. 
No. 
TREATMENT. of Results on trees. 
trees 
Ulphur waste LOPSTOMLY wate ere cee cet tnt iene iene eater ree 135 [{ No injury. 
Sulphur wash; topssand: roots wis. ashi. Genie CR ek See 135 ' 133 trees killed and two 
trees with slight in- 
juries. 
Kerosene emulsion (10-20 per ct. oil), tops only......... | 30 | No injury. 
Kerosene emulsion (10-20 per ct. oil), tops and roots.... 30 | No injury. 
Miscible oil tet Perch Ol), tOpssOnly ee + ee ee 50 | No injury. 
Miscible oil (10-20 per ct. oil), tops-and roots........... 50 | No-injury. 
FBumization with hydrocy=nic acid @asi.o. sw) ack seb 18 | Trees normal. 
Checkss‘no ‘treatment’. Sete ot Oe ee ee eee 30 | Trees normal. 
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Summary of results— From the above table it will be seen that 
no injuries attended the dipping of the trees in kerosene emulsion 
or miscible oil in the proportions as given. The trees having their 
tops only immersed in the lime-sulphur wash likewise sustained no 
harm, while of the trees which were completely wetted with this 
spray, 133 were killed outright and 2 lived to make a very poor 
growth. The trees that were fumigated showed no appreciable in- 
juries and made a normal growth. All of the thirty checks grew 
satisfactorily, without evidences of injuries by the handling and 
transplanting. 

EXPERIMENT VIII. 


BARTLETT PEARS DIPPED IN SULPHUR WASH FOR DIFFERENT TIME 
PERIODS. 


In this experiment there were 120 2-year-old Bartlett pears di- 
vided into six lots of 20 trees. Each lot was equally divided, and 
half the trees were wholly immersed and the remaining ones were 
dipped, with the exception of the roots. The time periods were as 
follows :— 

Lot I, instantaneous immersion, Lot II, dipped for one minute, 
Lot III, two minutes, Lot IV, three minutes, Lot V, five minutes, 
Lot VI, ten minutes. The standard lime-sulphur wash, with a 
temperature of 60° F., was used. 

Results on trees.— With few slight exceptions, no injuries were 
sustained by any of the trees preceding Lot V. In Lot V, six 
trees that were completely immersed, died; and in Lot VI two trees 
similarly treated were killed. There were no losses among the 
checks. 


EXPERIMENT IX. 


MANN APPLES DIPPED IN SULPHUR WASH FOR DIFFERENT TIME 
PERIODS. 


For this experiment 290 3-year-old Mann apples were used. 
The trees had been kept through the winter in cold storage and 
were not removed until April 27, when they were dipped. At the 
time of treatment the trees were dormant, with the bark and roots 
dry. For dipping, the trees were divided into six lots as follows: 
Lot I, 140 trees, instantaneous immersion, Lot IJ, 30 trees, immer- 
sion for one minute, Lot III, 30 trees, two minutes, Lot IV, 30 trees, 
four minutes, Lot V, 30 trees, five minutes, and Lot VI, 30 trees, 
ten minutes. Each of the above lots was divided into three parts; 
and for the treatment the trees in part I had the tops only dipped; 
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in part II had the roots only dipped; while those in part III were 
wholly immersed. The temperature of the sulphur wash was 
60° F. 

Results on trees.— The effects of these different treatments upon 
the trees are given briefly in detail as follows :— 


Lot 1. INSTANTANEOUS IMMERSION. 
TOPS ONLY. 
May 22. Trees are leafing out. 


“) 
June 4. Trees are making good growth. 
July 5. Trees are normal. 


ROOTS ONLY. 
May 22. Leaves are making their appearance. 
June 4. As above. 
July 5. .Trees are making normal growth. 


ENTIRE TREES. 
May 22. Trees are as above. 
June 4. Ten trees are very backward. Remainder as above but some show 
signs of wilting. 
July 5. Fourteen trees are dead. Thirty-two trees are normal. 


Lot 2. DirPpep ONE MINUTE. 


TOPS. ‘ONLY. 


May 22. Buds are opening. Some trees are retarded. 
June 4. Eight trees are in leaf. Two trees with buds just opening. 
July 5. Tress are making normal growth. 


ROOTS ONLY. 
May 22. As above. 
June 4. Four trees are in leaf. Six trees with buds just opening. 
July_s5: Four trees are dead). Six trees are normal 


ENTIRE TREES. 


May 22. Six trees are in leaf. Jour trees are much retarded. 

June 4. Seven trees are making good growth. Three trees with buds 
unopened. 

July 5. Seven trees are dead. Three trees with poor growth. 


Lot 3. Dirpep Two MINUTES. 


TOPS ONLY. 


May 22. One tree in leaf and nine trees with unopened buds. 

June 4. Seven trees are making good growth. Three trees with buds 
just breaking open. 

Juiy 5. All trees are in normal condition. 


May 22. 
June 4. 
July 5. 


May 22. 
June 4. 
July 5. 


May 22. 
June 4. 
July 5. 


May 22. 


June 4. 
July 5. 


May 22. 
June 4. 
July 5. 


May 22. 
June 4. 
July 5. 


May 22. 
June 4. 
July 5. 
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ROOTS ONLY, 
Same as above. ; 
Two trees are making good growth. Eight trees with unopened 
buds. 
Five trees are dead. Five trees are making fair growth. 


ENTIRE TREES. 


Five trees are in leaf. Five trees are dormant. 

Fight trees are making good growth. Two trees are backward. 
All trees are making fair growth. 
Lor 4. Diprpep THREE MINUTES. 


TOPS ONLY. 


All buds are retarded, barely showing green at tips. 
Four trees in leaf. Six trees with many buds unopened. 
Trees are making good growth. 


ROOTS ONLY, 
Same as above. 
Two trees are in leaf. Eight trees with buds unopened. 
Two trees are dead and 8 trees are normal. 


ENTIRE TREES. 
Same as above. 
About same as above. 
Five trees are dead and 5 trees are making fair growth. 


Lor 5. Diprep Five MINUuTEs. 


TOPS ONLY. 
Five trees are in leaf and 5 trees with unopened buds. 
Seven trees are making good growth and 3 trees are much retarded, 
All trees are in fair condition. 


ROOTS ONLY, 


Two trees are in leaf. 
Trees same as above. 
Trees are as above. 


Eight trees are dormant. 


_ ENTIRE TREES. 
Trees are as above. 
General condition same as preceding. 
Four trees are dead and 6 trees are making poor growth. 


Lot 6. Dippep TEN MINUTES. 


TOPS, ONLY# 


All trees very much retarded. 
All trees are retarded and many buds are unopened. 
Trees with fair quantity’ of leaves and showing dead stubs. 
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ROOTS ONLY. 


May 22. Three trees in leaf. Remainder are much retarded. 
June 4. All trees are showing small leaves and dead stubs. 
July 5. Three trees are dead and 7 trees show fair growth. 


ENTIRE TREES. 


May 22. Two trees in leaf. Remainder are much retarded. 
June 4. All leaves are small and some are wilting. 
July 5. Four trees are dead and 6trees show fair growth. 


Summary of results — The Mann apples, which were taken from 
cold storage, did not sustain quite as severe injuries as Ben Davis 
apples, removed directly from the field, as described in preceding 
experiments. Of 188 trees that had the roots treated with the sul- 
phur wash, 48 trees, or 26 per ct. of the trees dipped, were killed. 
The trees that had their tops only treated showed no appreciable in- 
juries by instantaneous immersion or dipping from one to three 
minutes. The trees that were dipped for ten minutes showed re- 
tardation of buds and small losses in foliage. The checks made a 
good growth and there were no apparent injuries to any of the 
trees. 


EXPERIMENT X. 


BARTLETT PEARS DIPPED IN SULPHUR WASH FOR DIFFERENT TIME 
PERIODS. 


This experiment was conducted in the same manner as the one 
preceding. The stock consisted of 290 3-year old Bartletts taken 
from cold storage. The details of the dipping operations are the 
Same as in experiment No. IX. 

Results on trees—In Lot VI, of which the tops of the trees 
were immersed for ten minutes, slight injuries to the buds were 
apparent. On June 7, the number of the leaves appeared to be 
reduced. Quite a number of sprouts were growing out from the 
sides of the trunk, just below the treated area, at the bases of the 
lower branches. These trees showed very little improvement by July 
5. Ten trees with the roots only dipped in the sulphur wash were 
also injured and made very little growth. Many of the pruned 
branches appeared as dead stubs. The trees in the remaining lots 
were not affected by the treatments and with some exceptions all 
made normal growth. On the whole, pears sustained very little 
injury as compared with apples similarly treated. 
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EXPERIMENT XI, 


SATSUMA PLUMS DIPPED IN’ SULPHUR WASH FOR DIFFERENT TIME 
PERIODS. 


This was conducted in the same manner as Experiment IX. The 
nursery stock was taken from cold storage and consisted of 290 
3-year-old Satsuma plums. All details of the dipping operations 
are the same as previously described. 

Results on trees— No important differences were noted in the 
trees of lots I to III inclusive. The effects of the treatments upon 
the remainder of the trees are as follows :— 


Lot 4. Drerep THREE MINUTES. 


TOPS ONLY. 
May 22. Trees are in leaf. 
June 7. Leaves are very small and growth is poor. 
July 5. Growth is good. Many tips of branches are dead and considerable 
sprouting shows below base of lower branches. 


ROOTS ONLY. 
May22. Same as above. 
June 7. Tips of branches are dead and sprouts show on trunk. Three 
trees are dead. 
July 5. Four trees are dead. Remainder of trees have made a poor growth. 


ENTIRE TREES. 
May 22. Trees are in leaf. 
June 7. Leaves are very small. Tips of branches are dead. Few sprouts 
show on trunk. 
July 5. Growth is small and much dead wood appears in tops of trees. 


Lot 5. Dr1ppEp Five MINUTES. 


TOPS ONLY, 


May 22. Growth is much retarded and few leaf clusters are apparent. 

June 7. Considerable sprouting shows on sides of trees and bases of 
branches. Tips of branches are dead. 

July 5. Growth is poor. Much dead wood is apparent. Considerable 
sprouting shows on trunks. 


ROOTS ONLY. 
May 22. As above. 
June 7. Leaves are larger and more abundant than above. Injuries to 
wood are not so extensive. 
Ju'y 5. Growth is good. One tree is dead and 3 trees are backward. 
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ENTIRE TREES. 


May 22. Trees are more retarded than above. 

June 7. Six trees are declining. Four trees are in fair condition. 

July 5. All trees are in very poor condition. Tops are dead. Few sprouts 
show on trunks. 


Lot 6. Dippep TEN MINUTES. 
TOPS ONLY. 
May 22. All trees are much retarded. 
June 7. Tops practically killed. More or less sprouting on trunks. 


July 5. Tops of trees consist entirely of dead stubs. Sprouting on trunks 
below branches. 


ROOTS ONLY. 
May 22. All trees in leaf. 
June 7. Leaves in full number but are small. 
July 5. Tops of trees are small and growth is poor. No apparent injuries 
to branches. 


ENTIRE TREES, 


May 22. Six trees much retarded and showing considerable injuries. 

June 7. Tops dead. Much sprouting on sides of trunks. 

July 5. Trees are nearly dead. Sprouts on sides of trunks are making + 
feeble growth. 


Summary of results — The trees in lots I to II inclusive showed 
very little difference in their conditions as a result of the treatment. 
The trees generally made a satisfactory growth. Plants immersed 
for three or more minutes usually sustained severe injuries. Trees 
with their tops only immersed had many buds and some of the wood 
killed. Injuries to the lower branches were followed by consider- 
able sprouting on the trunks below the areas treated. The effects of 
immersion of plum roots in the sulphur wash for the longer time 
periods were somewhat variable, but as a rule such treatment was 
followed by a poor growth, resulting in many instances in the death 
of the trees. No injuries were apparent among the checks, of which 
there were thirty. 

EXPERIMENT XII. 


FITZGERALD PEACHES DIPPED IN SULPHUR WASH FOR DIFFERENT 
TIME PERIODS. 


The details of this experiment are the same as described for ex- 
periment IX. For the treatment, 300 3-year-old Fitzgerald peaches, 
taken from cold storage, were used. The details of the dipping 
operations are as described in preceding experiments. 
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Results on trees — The injurious effects of the treatments were 
generally more pronounced on the peaches than on other kinds of 
fruit. The results in detail are briefly as follows :— 


Lot rt. INSTANTANEOUS IMMERSION. 


. TOPS ONLY, 
May 22. All. trees are dormant. 
June 7. Growth is good. 
July 5. Trees in excellent condition. 


ROOTS ONLY. 
May 22. All trees are dormant. 
June 7. Fifty-three trees are dead. Ten trees are apparently alive. 
July 5. Fifty-eight trees are killed. Five trees show poor growth. 


ENTIRE TREES. 
May 22. Trees are dormant. 
June 7. Trees show little life. 
July 5 thirty in number, are dead. 


Lot 2. IMMERSED ONE MINUTE. 


TOPS ONLY. 
May 22. Trees are dormant. 
June 7. Trees are as good as checks. 
July 5. All trees show good growth. 


ROOTS ONLY. 
May 22. Trees are dormant. 
June 7. All trees are as good as checks. 
July 5. All trees; ten in number, are dead. 


ENTIRE TREES, 
May 22. Trees dormant. 
June 7. All trees are dead. Trees are sprouting near ground. 
July 5. All trees, ten in number, are dead. 


Lor 3. IMMERSED Two MINUTES. 


TOPS ONLY. 
May 22. Trees are dormant. 
June 7. Good growth but little inferior to checks. 
Ju'y 5. Trees are in excellent condition. 


ROOTS ONLY. 
May 22. Trees are dormant. 
June 7. Tops are dead. Four trees show young sprouts on trunks. 
July 7. Seven trees are dead. Three show live sprouts on trunk. 
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‘ENTIRE TREES. 
Trees are dormant. 
Tops are killed. Nine trees show sprouts on trunk. 
All tops are dead. A few sprouts near the ground appear on all 
of the trees. 


Lot IV. IMMERSED THREE MINUTES. 


TOPS ONLY. 
Trees are dormant. 
Some buds are killed. Leaves are few. Many sprouts appear on 
trunks. 
New growth is heavy. 
show on trunks. 


Old branches are dead. Many sprouts 


ROOTS ONLY. 
Trees are dormant. 
Three trees are dead. Seven trees show a few leaves and sprouts 
appear on trunks. 
Four trees are dead. Six trees have small tops and poor growth. 


ENTIRE TREES. 

Trees are dormant. 

All trees are alive. 

show on trunks. 
Growth is small. 


Tips of branches are dead. Many sprouts 
Old branches are dead. 


Lot V. IMMERSED FIVE MINUTES. 


TOPS ONLY, 
Trees are dormant. 
Six trees show dead tops. 
on trunks. 
All tops, 10 in number, are dead. Considerable growth of sprouts 
appears on trunks. 


Three trees have few leaves and sprouts 


ROOTS ONLY. 
Trees are dormant. 
All tops are dead. Five trees with sprouts on sides of trunks. 
All trees, 10 in number, are dead. 


ENTIRE TREES. 
Trees are dormant. 
Nine trees are dead. One tree is barely alive. 
All trees, ten in number, are dead. 


Lor VI. IMMERSED TEN MINUTES. 


TOPS ONLY, 


Trees are apparently dormant. 

All tops are killed. Much sprouting appears on sides of trunks. 

Tops of trees are dead. Long growth of sprouts near surface of 
ground. 
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ROOTS ONLY. 


May 22. Trees are apparently dormant. 
June 7. All trees are apparently killed. 
July 5. All trees, ten in number, are dead. 


ENTIRE TREES, 


May 22. Trees are apparently dormant. 
June 7. All trees are apparently killed. 
July 5. All trees, ten in number, are dead. 


Summary of results — The peaches generally proved very much 
more susceptible to injuries by complete or partial immersion in 
the lime-sulphur wash than any of the other kinds of fruits that 
were tested. Injuries to the buds were caused by the dipping of 
the tops in the mixture for periods of three or more minutes, ant 
the tops of the trees were killed by immersion for ten minutes. 
Trees with their roots immersed in the lime-sulphur wash were 
seriously injured or killed by the treatment. Of 188 trees that were 
dipped with the roots 179, or 95 per ct. of the number treated, 
were killed. All of the checks, thirty in number, made a normal 
growth. 


ROOT INJURIES BY IMMERSION IN SPRAYING MIX- 
TURES. 


The trees with roots immersed in the sulphur wash frequently 
sustained injuries. The effects of this treatment upon the health 
of the plants were most plainly apparent about fourteen days after 
the trees were in leaf. The first indications of the injuries were 
by the wilting and curling of a few leaves, which during a succes- 
sion of hot days gradually extended to the entire foliage. The trees 
that were extremely affected soon became defoliated, from which 
they did not revive. The growth that was made appeared to be 
entirely at the expense of the reserve food material which ae been 
stored up in the main axis of the plants. 

An examination of the underground portions of a fifhePSE 
trees dipped in the wash showed that the root system may be seri- 
ously damaged by this treatment. The extent of the injuries was 
not constant and varied with individual plants of the same variety. 
Cross sections of immersed roots, which externally exhibited no 
evidences of injuries, showed frequently a discolored cambitim. 
Large portions of the tips of the older roots and ‘often entire 
smaller roots were killed. In some instances the cambitim was 
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killed in spots which gave rise to more or less extensive dead areas. 
Wounded areas made by the cutting of a large root sometimes did 
not callous and failed to produce adventitious roots. 

In. the field experiments with oil emulsions, there were no evi- 
dences of injuries to the trees, but in some laboratory tests, con- 
ducted later, on the immersion of roots in an emulsion, contain- 
ing 20 per ct. of oil, damages resulted. The injuries were even 
more severe than with the sulphur wash, and were apparent about 
the collar as well as the roots of the plants. 


GENERAL SUMMARY. 


Immersion of moderately infested apple and pear stocks in the 
standard lime-sulphur wash was attended with variable results on 
the scales. None of the four lots, representing 600 affected trees, 
that were dipped showed complete destruction of this pest. In each 
lot there were individual trees on which the scale was efficiently 
combated, but the remainder of the stock, while deriving some bene- 
fit from the treatment, showed an infestation which varied from 
two per ct. to thirty-five per ct. of that previous to dipping. Prepa- 
rations of washes at temperatures of 60°, 100° and 120° (Po ex- 
hibited similar variations in their effectiveness on the scale, while 
immersion of infested trees in the wash at a temperature of 212° 
F. entirely killed the scales and severely injured the trees. Dip- 
ping of roots in the sulphur wash was usually accompanied by in- 
juries which varied in extent with the kinds of stock, apples and 
peaches sustaining the most damage. Ben Davis apples showed a 
loss of 96 per ct. of the number of trees wholly dipped, Mann 
apples, 26 per ct., and Fitzgerald peaches, 95 per ct. The treat- 
ment of the tops of apples and pears by instantaneous dipping or 
immersion from one to five minutes in the wash at temperatures 
of 60° to 120° F., generally caused no important injuries. Mann 
apples and Bartlett pears apparently sustained slight damages to 
buds by immersion for ten minutes. The dipping of the tops of 
peaches and plums in a sulphur wash at temperatures of 60° to 
120 F., for less than three minutes, was unattended with appreciable 
injuries, while immersion for longer periods of time seemed in some 
instances to destroy many buds. The tops of peaches were killed 
by immersion for ten minutes in the lime-sulphur wash at a tem- 
perature of 60° F. 

In the field tests with kerosene emulsion, containing 10, 15 and 
20 per ct. of oil, and miscible oil, diluted with 10, 15 and 20 parts 
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of water, to determine their value as dips, no injuries were appar- 
ent to any of the trees, even when the roots were immersed in the 
liquids. These proved not only safer but the stronger prepara- 
tions were also much more effective on the scales than the sul- 
phur wash. Kerosene emulsion, containing either 15 or 20 per ct. 
of oil, and miscible oil, diluted with either 10 or 15 parts of water, 
were generally very efficient. With the exception of.a few trees 
on which there was a little breeding, the stock was cleaned of 
the scales. Fumigation with hydrocyanic acid gas at the rate of 
0.3 gram of cyanide per cubic foot caused no appreciable harm 
to the trees and completely destroyed the scales, 


DISCUSSION OF RESULTS AND CONCLUSIONS. 


The purpose of these experiments was to determine the merits 
of the standard lime-sulphur wash as a dip for the treatment of 
nursery trees. In this endeavor, efforts were principally directed 
to determine the safeness of dipping trees in this mixture and the 
probable effects of this operation in field practice accomplishing 
the real object of the work, 1. e., to clean the stock of San José 
scale. The experiments have yielded data bearing on both of these 
points, which show plainly that the immersion of the roots of 
fruit trees in a sulphur wash may be accompanied with serious in- 
juries to the stock, and that this treatment does not entirely de- 
stroy the scales. In view of these limitations, it is believed that 
this method of disinfecting nursery trees is a doubtful practice for 
both nurserymen and fruit-growers, neither of whom can afford 
to take chances on the reliability of their purchases and shipments. 
In the light of these experiments, uncertain and disappointing re- 
sults could hardly fail to follow the employment of this kind of 
treatment for nursery stock. Until more knowledge is obtained of 
the strength of the sulphur wash that will effectively control the 
scale, dipping of the tops of trees in this mixture for purposes 
of disinfection should be regarded as wholly experimental. As 
immersion of the tops of the trees in the standard sulphur wash 
at temperatures of from 60° to 120° F. for short time periods 1s 
unattended with important injuries, it is possible that stronger prepa- 
rations of the sulphur wash can be employed for the treatment of 
stock, excluding the roots, which will give efficient results on the 
scales and will not prove harmful to the plants. 

The results obtained with the oil emulsions and miscible oils in- 
dicate that they are more efficient for dipping purposes than is the 
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sulphur wash. Their actual value for this purpose and the condi- 
tions under which they may be safely employed are problems 
for future experimentation. 

The fact that fumigation with hydrocyanic acid gas, in addition 
to proving safe to the plants, was the only one of the remedies 
employed that completely jdestroyed the scales, deserves special 
emphasis. This process is the most efficient means of disinfecting 
nursery stock and its utility for this purpose has been abundantly 
established by many experiments and by the experience of careful 
nurserymen. While it is not an absolute guarantee of the im- 
munity of the trees from destructive insects, it is without question 
the most effective method of accomplishing their destruction. Its 
efficiency and safeness are proportionate to the care that is exer- 
cised in carrying out the details of the operation. For dug dormant 
stock, infested with the San José scale, fumigation is the more 
reliable treatment. 


New York AGRICULTURAL EXPERIMENT STATION. 369 


CONTROL OF LEAF-BLISTER MITE IN APPLE 
ORCHARDS.* 


bia bARROUT 


SUMMARY. 


Conspicuous spotting of foliage by the leaf blister-mite is gen- 
eral throughout the appie-growing areas of western New York. 
The continued attacks of this pest for successive years affect un- 
favorably the growth of the trees in the worst infested orchards, 
and, while the losses are not easily measured, crop yields are un- 
questionably being reduced in proportion to the severity of the in- 
festation and according to the character of the management of 
the orchard. 

The mite spends the winter under the bud scales and it is most 
susceptible to treatment during the late fall when the majority of 
leaves have dropped or during the spring before the new foliage 
appears. The efficient remedies for the blister-mite are the lime- 
sulphur wash, oil emulsions and miscible oils. Orchards that are 
regularly sprayed with these mixtures are not subject to injuries 
by the mite. — : 

Comparative tests of the boiled lime-sulphur wash, the home- 
made concentrated lime-sulphur wash, and two commercial prepa- 
rations gave equally satisfactory results. One application of either 
of these sprays has practically prevented spotting of foliage by the 
mite. 

With the increased availability of the sulphur sprays these are 
now practicable remedies for the treatment of apple orchards for 
the blister-mite. In employing these remedies for this purpose, a 
plan of spraying well adapted for the treatment of apple trees is 
an application of a sulphur wash as the buds are swelling and 
before the leaves appear, followed by the usual second and third 
applications of the bordeaux mixture in their proper season. 


*A reprint of Bulletin No. 306. 
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INTRODUCTION. 


The general spotting of apple foliage by the leaf blister-mite has 
for several years been of annual occurrence. By reason of its 
conspicuous work in apple orchards, the mite is now regarded by 
our fruit growers as a pest of growing importance to the fruit in- 
terests of this State. With the exception of the San José scale, 
there has been no insect for the past three years which has gener- 
ally attracted more attention or which has provoked more discus- 
sion among growers in western New York, as to its probable de- 
structiveness to apple trees and as to the more efficient methods of 
control, than has this mite. 

The appearance of the blister-mite in the apple orchards of this 
State was announced in Bulletin 283, which directed the attention 
of fruit growers to the effectiveness of oil emulsions, miscible oils 
and the home-made lime-sulphur wash for its control. Since the 
distribution of this bulletin, the Station has continued its experi- 
ments, especially those to determine the value of various sulphur 
sprays for the treatment of the mite, as a basis for more complete 
directions to orchardists who should desire to spray for this pest. 
While special treatments for the mite have been made by rela- 
tively few orchardists, the opinion is generally expressed that it 
would pay to spray rather than to take further chances with the 
worst infested orchards. According to the reports of fruit growers, 
spraying for the mite will be quite generally practiced in many lo- 
calities this coming spring. 


ECONOMIC IMPORTANCE OF MITE. 


DISTRIBUTION AS AN APPLE PEST. 


The work of the mite is now quite common throughout the 
apple-growing sections of western New York. It has been very 
conspicuous in the orchards generally in Orleans, Monroe, Genesee, 
Wayne, Livingston, Ontario, Yates, Seneca and Steuben counties. 
Badly diseased leaves have been received by the Station from apple 
orchards at Pattersonville in the Mohawk Valley and from Delmar, 
Voorheesville and Schodack Landing in the Hudson Valley. Mr. 
Percy Huested, a State nursery inspector, has also noted apple trees 
with the leaves much spotted by the mite at Preston Hollow in the 
Catskills. 

Injuries to apple foliage have been recognized in Massachusetts 
and Pennsylvania. Mr. E. Cyrus Miller, Haydenville, Mass., in- 
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forms us that the mite has been quite a serious pest in apple or- 
chards in his vicinity and at Leyden. Prof. H. A. Surface of the 
Pennsylvania Department of Agriculture states that spotting of 
apple foliage by the mite occurs in practically all portions of Penn- 
sylvania. It seems to be generally distributed, but is overlooked or 
is not recognized by fruit growers. Mr. W. J. Schoene, while en- 
gaged in nursery inspection in Illinois, recognized the work of the 
mite in apple orchards in the southern part of that state, but Dr. 
Forbes has written me that its injuries have not been of sufficient 
importance to attract attention. Prof. T. D. Jarvis of the Ontario 
Agrcultural College has also reported outbreaks of the blister-mite 
in apple orchards in the Province of Ontario, Canada. 

It is a pest wherever pears are grown, and is probably widely 
distributed on apples, although its work on apple foliage seems not 
to be as common as on pears or as destructive as it is at present in 
the leading areas of apple production of western New York. 


EY PECTS -ON* CROP? YIELDS. 


The actual damage to apple orchards by the mite cannot be ac- 
curately determined, and figures on the effects of its attacks on 
crop yields are largely conjectural. Not infrequently injuries by 
the mite have been confused with the work of other destructive 
agencies. The unfavorable conditions of some orchards, said. to 
be damaged by the mite, may be more justly charged to several con- 
tributory causes, such as poor drainage and injuries by winter and 
by various insects and spraying mixtures. 

Orchards that are subject to an adverse environment, through 
lack of fertility, improper methods of tillage or droughty condi- 
tions of weather, usually show very plainly the effects of the mite, 
while closely adjoining plantings, which are grown in well-drained, 
fertile soil and given the needed tillage to stimulate a vigorous 
growth, may largely outgrow injuries by the first attacks in the 
spring and produce good yields. During 1908 it was quite gener- 
‘ally observed that timely rains favored the development of new 
foliage and in spite of early fears of losses by the mite, apples 
were abundant and of uniformly larger size than for several years. 

Fruit growers whose trees have been much infested believe that 
the mite has caused more or less dropping of the young fruits, and 
that the general infestation of the foliage lowers the vitality and 
productiveness of the trees and injures the leaf and fruit buds for 
the next year’s crop. In badly infested orchards, especially where 
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other conditions have not been favorable, the mite has unquestion- 
ably influenced unfavorably the production of crops, as the foliage 
could not be diseased to such a degree without the vitality of the 
trees being affected. This influence, while not easily measured, 
has undoubtedly in a good many orchards been important, but in 
general there has been a tendency to overrate the actual damages 
by the mite. 


EXPERIMENTS IN CONTROLLING THE LEAS 
BLISTER-MITE. 


The experiments described under this heading were undertaken 
by the Station in its own orchards or in co-operation with several 
fruit growers who had desired to spray for the blister-mite. All 
of the orchards, preceding the spraying tests, were badly infested 
with the mite and they afforded excellent opportunities for deter- 
mining the reiative merits of the different spray mixtures, and of 
demonstrating to fruit growers on a commercial scale efficient meth- 
ods for controlling this pest. Each orchard is discussed separately 
and it has been intended to give in condensed form an accurate 
idea of the conditions and results of the experimental operations. 


ORCHARD I, 


As has been the experience of fruit growers generally in Ontario 
County, the Station apple orchard has also been infested with the 
leaf blister-mite. In 1906 pimpling of young apples and blistering 
of leaves were very conspicuous, especially on several trees of the 
variety Williams, which were for two years badly affected and 
have apparently sustained important injuries. During that year, 
250 varieties were recorded as showing more or less of the work of 
the mite. Some of the leading commercial varieties which had their 
foliage badly diseased were the Baldwin, Rhode Island Greening, 
Sutton, Fall Pippin, Ben Davis and King. The work of the mite 
was largely confined to the younger apple orchard, which comprises 
6 acres and contains 218 trees. 

In this orchard experiments have been made to determine. the 
comparative merits of sulphur washes, oil emulsions and miscible 
c:! for the control of the leaf blister-mite. In the spring of 1907 
the orchard was divided into three areas, and each area has been 
treated with the same spraying mixture for the past two years. 
For purposes of comparison some applications of each insecticide 
were made in the fall, but the larger proportion of the spraying has 
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been done in the spring when the buds are swelling, ending when 
the tips of the young leaves began:to make their appearance. . The 
sulphur wash was prepared after the standard formula, while a 
commercial preparation of this mixture was employed at a dilution 
of one part to nine parts of water. Miscible oil was used at the 
tate of one gallon diluted with nine gallons of water, while the 
kerosene emulsion contained 15 per ct. of oil. 

In addition to spraying entire blocks, comparative tests of these 
remedies have been made on individual trees, which were among 
the worst infested on the Station grounds. Each tree was divided 
into thirds, fourths or fifths, according to the number of mixtures 
tested, and provision was also made for checks. To confine a par- 
ticular treatment to the portion of the tree desired and to avoid 
re-treatments while applications of the various remedies were being 
made on other parts, cloth screens were employed in all of these 
operations. 

Results on mite.—The first year’s applications of these remedies 
destroyed a large percentage of the mites. During the summer of 
1907, the work of the mite on the sprayed trees was very slight as 
compared with that of the previous year or that on the checks. 
None of the trees was completely free, but enough of the mites 
were killed to prevent the pimpling of young apples and to pro- 
tect a large percentage of the foliage from injury. The applica- 
tions in the fall of 1907 and the spring of 1908 were equally effec- 
tive and the foliage in this orchard, with the exception of a few 
leaves on an occasional twig, was generally very clean. The smaller 
tests also indicated that, if the applications are equally thorough, 
there is very little difference in the effectiveness of the different 
sprays. The results of these experiments show conclusively, also, 
that the blister-mite is never likely to cause important injuries in 
orchards that are well sprayed each year with a sulphur wash or 
oil emulsions as is required for the proper treatment of the San 
José scale. 

ORCHARD ITI. 


This orchard belongs to E. C. Green, Victor, and comprises about 
feeecreo- Liere are 465, tréessewhich are 30-years of age. The 
leading varieties are Baldwin, Seek-No-Further, Wagner and Spy. 
The orchard has been systematically sprayed for the common in- 
sects and diseases and is regarded as one of the most attractive 
and productive plantings in the community. Originally the orchard 
was given very thorough cultivation, but for the past two years it 


374 Report oF THE DEPARTMENT OF ENTOMOLOGY OF THE 


has been grown under the so-called sod-mulch method. This change 
seems to have been an unfortunate one; as the sod treatment, com- 
bined with the -blister-mite and two comparatively dry seasons, has 
told seriously on the health of the trees. 

The blister-mite did not attract the attention of the owner till 
1905, when the foliage of nearly all of the trees was generally con- 
spicuously spotted. During succeeding years the mites have con- 
tinued to be abundant, especially on Baldwins, and owing to the 
unsatisfactory condition of the orchard during 1907, a co-opera- 
tive experiment with this Station was undertaken this spring to 
demonstrate the value of the home-made concentrated lime-sulphur 
mixture for the control of the mite. The applications of this wash 
were made with a power sprayer during the week of April 5-11. 
At this date the buds were well swollen and were beginning to 
show green at the tips. The trees were thoroughly whitewashed 
by the one operation and no other treatments were made. The 
quantity of mixture used to each tree was seven gallons. A number 
of Baldwins were left unsprayed to serve as checks. 

Results on mite-—— The results of this treatment were among the 
most conclusive in the series of experiments. The difference in 
the conditions of the sprayed and unsprayed portions of the 
orchard was very striking. The foliage of the sulphur-treated 
trees was entirely free of mite injuries and made a very marked 
contrast with adjacent rows in the untreated parts of the orchard 
Not only were the leaves free from diseased areas, but they seemed 
On an average, to be somewhat larger than those on the unsprayed 
trees. This may have been mainly due to the absence of curling, 
one of the results of the attacks of the mite. The sprayed trees 
appeared to have made a better growth and, consequently, to carry 
a heavier foliage, but this difference was perhaps more apparent 
than real. The leaves of unsprayed trees in this community gen- 
erally showed very plain evidences of infestation with the blister- 
mite. 

ORCHARD III. 


This is the orchard of Wm. A. Lafler, Albion. It consists of 
17 acres, bearing 260 trees, 45 years of age and 323 trees, 35 years 
old. The older trees have been largely grown in sod, which has 
been heavily manured, while the younger planting has been under 
thorough cultivation. Both plantings have yielded well for the 
past twelve years. The leading varieties are Baldwin, Greening, 
Russet, Spy, King and Twenty Ounce. The orchard has been 
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regularly sprayed for the ordinary insects and plant diseases and 
has in all respects been given excellent care. 

The mite made its appearance in destructive numbers for the first 
‘time in 1906 in the younger orchard, and in 1907 it was abundant 
in the older orchard. The varieties that have shown the work of 
the mite most extensively are the Baldwin and Gilliflower. The 
Owner estimates that the mite has caused a decreased yield in the 
younger orchard amounting to about 250 barrels each year. The 
condition of the foliage of the Gilliflower was worse than that of 
the Baldwins and all of the fruit was of little value, as it was much 
undersized. ‘This was attributed to the work of the mite. For the 
treatment of the trees the home-made lime-sulphur wash and a 
commercial concentrated preparation of this mixture were em- 
ployed. The applications were made during the week of April 13-- 
20. The amount of wash applied per tree was ten gallons, which 
was larger than necessary because of the treatment of the trunks 
and large limbs. ‘These could have safely been left unsprayed. A 
power sprayer was used to make the applications. Several Bald- 
wins and a block of 23 Hubbardstons were left unsprayed as checks. 

Results on mite—— The effectiveness of the sulphur wash for the 
control of the blister-mite in an old commercial apple planting was 
in none of the experiments more strikingly demonstrated than in 
this orchard. While there were occasional twigs that showed some 
affected leaves, the foliage generally was clean, and, as in other ex- 
periments, the appearance of the trees afforded a striking contrast 
with the condition of the checks, which as usual were abundantly 
infested with the mite. Mr. Lafler is so much impressed with the 
efficient qualities of the sulphur wash as an orchard spray that he 
has erected a steam cooking outfit, and plans to make one treat- 
ment of this mixture each year during the dormant season in place 
of the usual application of the bordeaux mixture at that time. The 
home-made wash and the commercial concentrated preparations 
of the lime-sulphur wash were equally effective in controlling the 
blister-mite. 

ORCHARD IV, | 


This orchard belongs to C. Willard Rice, Seneca, and comprises 
six acres. The number of trees is 180 and they are about 40 years 
of age. The varieties are principally Baldwin, Greening and King. 
This orchard has been cultivated for the past eight years and 
treated with barnyard manure and chemical fertilizers. The yields 
have averaged about 4oo barrels each year. Injuries to foliage 
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by the mite have been noticed for four or five years, and the 
Greenings have been the variety most affected. The owner re- 
ports that the worst infested trees suffered more or léss prema- 
ture dropping of the foliage, and believes that this partial defolia- . 
tion has retarded the growth of the trees. It is also thought that 
through the unsatisfactory condition of the leaves there have been 
some losses in the crop yields by the dropping of young fruits 
and the failure of the apples to attain full size. . 

For the treatment of the trees the home-made concentrated lime- 
sulphur wash, diluted with nine parts of water, was used, and the 
application was made on April 11. The buds were generally well 
swollen and many were beginning to show green at the tips. The 
spraying was carefully done; on drying, the trees appeared to be 
competely whitewashed. The quantity of mixture applied to each 
tree averaged from seven to eight gallons. Hand-power machinery 
was employed. Several trees of each variety were left unsprayed 
which served as checks. 

Results on mite.— Judging from the condition of the foliage of 
the checks, the mites were not generally as abundant in this or- 
chard as in the preceding year. The trees showed a marked varia- 
tion in the quantity of diseased leaves; while some trees were quite 
seriously affected others were almost free of injuries or had only a 
small proportion of the leaves spotted by the mite. These differ- 
ences in the condition of the checks preclude an exact estimate 
of the benefits derived by the trees sprayed with the lime-sulphur 
wash. But in comparison with the checks the work of the mite on 
the sprayed trees was uniformly less conspicuous and there were 
none of those striking differences in the amount of infestation of 
the foliage so apparent on the untreated portions of the orchard. 
Spotting of the foliage was largely limited to occasional. leaves or 
to clusters of leaves on widely separated branches. It is reason- 
able to suppose that while some other agency may perhaps have 
checked the work of the mite in certain parts of the orchard the 
uniform freedom of the sprayed block from injuries by the mite 
must be largely attributed to the treatment with the lime-sulphur 
wash. As noted in Orchard II it was also observed in this experi- 
ment that owing to the reduction in the quantity of diseased leaves, 
the foliage of the sprayed trees presented a more thrifty appear- 
ance, and the new growth was apparently more heavy than that 
on the checks. 
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VOLUNTEER EXPERIMENTS. 


While there is a widespread complaint of the unsatisfactory ap- 
pearance of the foliage of apple trees through the work of the 
blister-mite, spraying has not generally been practiced for this pest. 
This has not been for the lack of desire, as owners of badly infested 
orchards are generally of the opinion that they would spray, if 
only they knew what spray to employ and were assured that the 
treatment would be profitable. The remedies that efficiently con- 
trol the leaf blister-mite are comparatively untried sprays for the 
majority of our apple growers, who are not accustomed to spray 
for the scale; and they hesitate to adopt new spraying practices. 
Kerosene emulsion, it is true, is an old and well-known insecti- 
cide, but it has never been extensively employed, outside of the San 
José scale areas, as farmers dislike the bother of making it. Mis- 
cible oils are new insecticides and their merits and their uses are 
not generally recognized. The recent agitation concerning the San 
José scale has made the lime-sulphur wash well known by name, 
but the reputation of this insecticide among fruit growers who are 
not familiar with the methods of preparing and handling it, is, 
usually, that the mixture is a disagreeable spray. 

For the purpose of making available the experience of various 
orchardists and of pointing out what they have accomplished in 
their first efforts in spraying for the mite, in order to encourage 
others in a similar effort, it was thought desirable to include in this 
bulletin a discussion of the more important details of these opera- 
tions. These are designated “volunteer experiments” as they 
have been largely planned and carried out by the fruit growers 
themselves. To them belongs the credit,— not to the Station. In 
compiling these experiments, the facts have been stated precisely 
as they were given to us; and, for purposes of accuracy, a copy of 
the manuscript discussing his experiment was also furnished to 
each orchardist for correction and approval. 

For the sake of brevity the reports have been very much con- 
densed, but as far as possible the more important items needed to 
convey a fairly accurate description of the conditions and results 
of the experiments are given. The experiments are designated 
by numbers and are arranged in the order of their location, com- 
mencing with the Hudson Valley, and continuing through the sass 
ing apple-growing counties of western New York. 
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EXPERIMENT NO. I. 


This experiment was undertaken by H. B. Vincent, Old Chatham, 
Columbia County. The orchard includes 30 acres, planted to 1200 
trees, which vary from 3 to 14 years of age. The lead- 
ing varieties are Baldwin, Spy, Greening, Oldenburg and Boiken 
apples and Bartlett pear. The older trees are systematically sprayed 
with the bordeaux mixture and the orchard is tilled and grown 
in grass in short rotation. The blister-mite has been present in con- 
spicuous numbers in the orchard for one year, when the Baldwins 
were most affected. It is not believed that important injuries were 
sustained by the outbreak. An application of the lime-sulphur 
wash was made on March 18, and about five gallons were used for 
each tree. The blister-mite is reported to be not very injurious to 
apples in this community. 

Results on mite.— The applications of the lime-sulphur wash in 
this experiment proved very efficient, and with slight exceptions 
the foliage was entirely free of injuries by the mite. 


EXPERIMENT NO, 2: 


This experiment was conducted by Berlin H. Wright, Penn Yan, 
Yates County. The orchard, of 4 acres, contains 100 Baldwins 
which are 20 years old. ‘The usual spraying with the bordeaux 
mixture is practiced. The larger portion of the orchard has been 
tilled, and the foliage and fruit have been so superior to that of 
the untilled trees, that hereafter the entire planting is to be given 
thorough cultivation. Extensive spotting of the foliage by the mite 
occurred last year for the first time. The owner believed that the 
injuries to the leaves caused some fruits to drop and reduced the 
size of the mature apples, and thus lessened the crop yield. The 
trees were sprayed with the lime-sulphur wash in March and again 
in April. The mite is reported as increasing in destructiveness in 
this community. 

Results on mite-—— The applications of the lime-sulphur wash 
were very effective. No pimpling of young apples was detected 
and the foliage was practically exempt from spotting by the mite, 


EXPERIMENT NO. 3. 


Conducted by B. J. Case, Sodus, Wayne County. The orchards 
comprise about 25 acres, planted to 640 trees, which vary in age 
from 26 to 55 years. The principal varieties are Baldwin, Green- 
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ing, Twenty Ounce, Russet, King and Pound Sweet. The orchard. 
is thoroughly sprayed, cultivated and fertilized, and bears well every 
year. The blister-mite has been noticed in conspicuous numbers 
for three or four years. The varieties that have shown the most 
spotting of the foliage are Baldwin and Russet. The mite has 
caused important injuries. For the experiment 60 Baldwin trees 
of 27 years of age were sprayed with a commercial brand of con- 
centrated lime-sulphur wash, diluted with twelve parts of water. 
A power sprayer was employed. The mite is gaining in importance 
in this community. 

Results on mite—— The application of the lime-sulphur wash was 
very efficient. There was only an occasional spotted leaf, and the 
trees, on the whole, were practically clean. As noted in other ex- 
periments the sprayed trees presented a very thrifty appearance 
which showed up in marked contrast with the untreated portions 
of the orchard. 


EXPERIMENT-NO. 4. 


Conducted by H. W. Stoddard, Pultneyville, Wayne County, 
The orchard has an extent of 2% acres and consists of a miscel- 
laneous lot of apples, of which Baldwin and Greening are the lead- 
ing varieties. The usual spraying with bordeaux mixture is prac- 
ticed, and with the exception of the past four years the trees have 
been thoroughly tilled since 1895. Conspicuous injuries by the 
mite were detected for the first time last year. Baldwins have been 
most affected. The mite has caused some damage to the orchard 
but the extent of injury is largely conjectural, because of other 
varying conditions. The lime-sulphur-salt wash was employed but 
it was only applied to one side of the trees, because of failure to 
obtain a favorable wind to complete the spraying. The treatment 
was made with a power pump on April 24, as the buds were break- 
ing and about two and one-half gallons were applied to one side of 
each tree. The mite is becoming more destructive in this com- 
munity. 

Results on mite.— The application of the lime-sulphur-salt wash 
largely prevented spotting by the mite. The difference between the 
conditions of the sprayed portions of the trees as compared with 
the unsprayed portions and the checks was sufficient to indicate the 
utility of the sulphur wash for this pest. 
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EXPERIMENT NO. 5. 


This was conducted by C. E. Taylor, Pulteney, Steuben County. 
The orchard comprises 3 acres, planted to 80 trees, which are 20 
years old. The principal varieties are Greening, Northern Spy, 
Baldwin and Wagner. The orchard is given the usual spraying 
with bordeaux mixture, containing an arsenical poison, and has been 
tilled for the past two years. Injury to foliage by the mite was 
recognized for the first time in 1906. Baldwins have been most 
affected. In 1907 the mite was reported to be very destructive, 
causing nearly all of the leaves to fall before the fruit ripened. For 
the treatments, miscible oil, diluted with fifteen parts of water, was 
employed, and about six gallons of the spray was applied to each 
tree. The treatment was made’on April 24, as buds were opening. 

Results on mite.— Spotting of the foliage by the mite was very 
much reduced. 

EXPERIMENT NO. 6. 


This experiment was made under the direction of H. C. Pratt, 
Canandaigua, Ontario County. The orchard contains I2 acres 
and has 450 trees, which vary from 33 to 50 years of age. The 
orchard consists largely of Baldwin, Greening, King and 
Russet. The trees have been regularly sprayed and for the 
past five years until this season, when cultivation was practiced, 
the orchard has been seeded to a mixture of vetch, clover and 
orchard grass. Attention was first attracted to the work of 
the blister-mite in this orchard in 1907 when the leaves were 
quite badly diseased. The Baldwins have been more affected than 
cther varieties. The foliage for this year was considerably in- 
jured and the fruit crop was small, but the owner reports that other 
factors had probably a greater influence in determining the yield. 
In the treatment of the trees a comparative test was made of the 
home-made lime-sulphur wash and a commercial preparation of 
this mixture. The treatment was made about April 15th and it is 
estimated that about eight gallons of either mixture was used to 
each tree. A power sprayer was employed to make the applications. 
The mite is reported as not gaining in importance in the vicinity of 
this experiment. 

Results on mite— Both the home-made lime-sulphur wash and 
the commercial preparation of this mixture completely held the mite 
in check. From the conditions of the foliage in both blocks, these 
sprays were equally efficient, and seemed in all respects satisfactory 
remedies for this pest. 
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EXPERIMENT NO, 7. 


This experiment was made by H. L. Bulkley, Brockport, Monroe 
County. The orchard embraces seven acres, planted to 300 trees 
which are 34 years of age. The varieties that are largely grown 
are Baldwins, Twenty-Ounce, King, Greening and Spy. The 
trees were not productive until 1896 when the owner commenced to 
spray and till the orchard regularly, and to apply fertilizers. With 
the exception of one year, good crops of fruit have been harvested 
annually. The blister-mite appeared in destructive numbers in the 
orchard in 1905, especially on the Baldwins and the Greenings, but 
less on the latter than the former. In 1907 the work of the mite 
on the fruit was noticed for the first time and about 10 per ct. of the 
crop was thought to be pimpled. The blister-mite was less abun- 
ant in 1908 than during the preceding year, but generally it is gain- 
ing in.importance in this community as an orchard pest. The spray 
used this year for the treatment of the mite was the lime-sulphur 
wash and only about two gallons were applied to each tree, the ap- 
plications being made on April 20-22 with a hand pump. Checks 
were left for comparison. 

Results on mite Notwithstanding the small quantity of wash 
employed there was an appreciable reduction in the amount of 
affected foliage on the sprayed trees. The foliage was not entirely 
clean, but the appearance of the treated trees satisfied the owner 
that a more liberal use of this spray in season would prove an 
effective remedy for this pest. 


EXPERIMENT NO. 8. 


The experiment was conducted by Wm. J. Edmunds, Sweden, 
Monroe County. The orchard contains about 15 acres and com- 
prises approximately 500 trees, which are about 34 years 
old. Many varieties of apples are grown but a large proportion of 
the trees are Baldwins. The farm has been managed by tenants, 
who have sprayed the orchard every year, and have endeavored to 
keep it well tilled. The trees have been productive. The blister- 
mite has been in injurious numbers in the orchard for the past 
three years and has been especially abundant on the Baldwins. 
Other varieties such as Ben Davis, Cooper Market and Bellflower 
have also shown more or less spotting of the foliage by the mite but 
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usually the injuries have not been important. The owner believes 
that the mite has damaged his orchard, besides causing reduced fruit 
yields. A commercial preparation of the lime-sulphur wash, diluted 
with twelve parts of water, was sprayed on the trees during the last 
week in April. The mixture was applied with a hand pump. 
Results on mite— There was a marked difference between the 
foliage of the sprayed and unsprayed trees. ‘~he owner was con- 
vinced that a thorough application of the lime-sulphur wash in the 
spring affords efficient protection to the trees from the mite. 


| EXPERIMENT NO. 9. 

This experiment was conducted by Roy P. McPherson, Le Roy, 
Genesee County. The orchard that was sprayed comprises 
seven acres, planted to 200 trees, which vary in age from 35 to 45 
years. The more important varieties are King, Russet, Greening 
and Baldwin. The orchard has been cultivated almost continuously 
for the past ten years and has gradually increased in productiveness. 
The usual spraying with bordeaux mixture containing an arsenical 
poison has been practiced. The blister-mite made its appearance in 
conspicuous numbers in the orchard during the past two years, and 
the variety that has been most affected is the Baldwin. The Kings 
and Greenings have usually been less injured. The owner believes 
that the diseased condition of the foliage has lessened his crop yields 
by causing the young apples to drop, and reducing the size of the 
mature fruit. The spray that was employed for the treatment of 
of the trees was a miscible oil, diluted with fifteen parts of water. 
The treatment was given on April 7 and only one application was 
made. A power sprayer was used and the average quantity of 
mixture applied to each tree was five gallons. A number of trees 
were left as checks. The work of the mite was reported to be less 
prominent in this community than during the preceding year. 

Results on mite— As compared with the checks there was a 
marked reduction in the amount of infestation of the foliage of all 
the sprayed trees. The treated Baldwins were estimated to be 
about as one-quarter as badly infested as the checks, while the Kings 
and Greenings showed a much greater measure of protection. 


EXPERIMENT NO. IO. 
This experiment was made by Wm. L. Bradley, Pavilion, Genesee 
County. The orchard comprises 6 acres, planted to 250 trees, which 
are 33 years of age. The more important varieties are Northern 
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Spy, Baldwin and Colvert. The orchard has been regularly sprayed 
and is worked with a disk harrow each year. Spotting of the foli- 
age by the mite has been recognized in this orchard since 1903. The 
Baldwins have been the most conspicuously infested of the varieties. 
It is stated that the attacks of the mite affected the growth of the 
trees and reduced crop yields. Kerosene and crude oil emulsions, 
made with whale oil soap and diluted with ten parts of water, were 
used for the treatment of the orchard, and about three gallons of 
spray were applied to a tree. The treatment was made on April 14 
with a power sprayer. The blister-mite was less numerous this 
year than in 1907, but.its work is still noticeable in many orchards 
in this vicinity. 

Results on mite. Following the applications of the oil emul- 
sions very little spotting of the foliage by the mite was noticed in 
the experimental block. It is intended to repeat this treatment this 
spring. 

EXPERIMENT NO. II. 

Conducted by Charles I. Herrington, Warsaw, Wyoming County. 
The orchard that was sprayed contains ten acres, and the principal 
varieties of apples are King, Baldwin, Russet and Greening. ‘The 
orchard is now tilled but a portion of it has been in sod until the 
past year. Spraying with bordeaux mixture has been practiced for 
three years. The mite made its appearance in destructive numbers 
on the trees in 1907. The Baldwins have shown the most spotting 
of the foliage and about forty trees of this variety in the lowest 
portion of the orchard have sustained considerable damage. Other 
varieties similarly located present. a much better appearance, so 
that it is believed by the owner that the unfavorable condition of the 
Baldwins is not to be entirely attributed to drainage. The trees 
were sprayed during the first part of April with a commercial prepa- 
ration of the lime-sulphur wash, and about one and a half gallons 
of this spray were applied to each tree. The blister-mite is be- 
coming more destructive in this community, especially in orchards 
that are not receiving careful attention. 

Results on mite— The applications of the lime-sulphur wash re- 
duced the amount of spotting of the foliage. The owner believes 
that spraying for successive years with this mixture will efficienctly 
control the blister-mite. 
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SUMMARY AND CONCLUSIONS. 


The results of these experiments have shown very conclusively 
that the leaf blister-mite is not a difficult pest to combat, and that it 
can be efficiently controlled by sulphur sprays, miscible oils and 
home-made oil emulsions. The use of these remedies for the treat- 
ment of the mite was discussed in Bulletin 283, and subsequent ex- 
periments have confirmed their usefulness for this purpose. On 
the basis of the experiments described, there is nothing to add with 
regard to the employment of oil emulsions for the mite, but the 
merits of the sulphur sprays for the treatment of this pest should 
be more fully presented than has heretofore been possible. 

In the experiments with the sulphur sprays, comparative tests 
were made of the common lime-sulphur wash, a home-made con- 
centrated mixture, and two commercial concentrated preparations 
of the lime-sulphur wash. Very satisfactory results were obtained 
in every orchard in which they were employed, and there was ap- 
parently no appreciable difference in the effectiveness of the various 
preparations on the mite when they were used under similar condi- 
tions. The measure of protection actually obtained showed, as 
would naturally be expected, some slight variations in the various 
orchards, which were probably due, largely, to differences in the 
standards of spraying of the fruit growers. In every test all trees 
that were thoroughly treated with a sulphur spray showed, in com- 
parison with the checks, a marked diminution in the numbers of the 
mites, which in several instances resulted in almost complete 
destruction. The results show very plainly that one application dur- 
the dormant season, or as buds are bursting, affords efficient pro- 
tection to the trees, and that the mite is not ever likely to be of 
importance in orchards that are annually sprayed with the lime-sul- 
phur wash, a practice now common in many localities in this State 
where the scale threatens. 

The attention of fruit growers is for the first time called to the 
merits of the home-made concentrated lime-sulphur wash, which is 
deserving of more extensive tests under farm conditions for spray- 
ing for the mite. This method of compounding a sulphur spray by 
orchardists is still in the experimental stage and probably some 
slight changes will be made in the future as regards the proportions 
of lime and sulphur and the amount of dilution. It is a convenient 
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method of preparing a sulphur spray and is destined to be put to 
important uses. This mixture has two distinct advantages over the 
old formula: It may be prepared in concentrated solutions, to be 
diluted as needed; and it has no coarse sediment to clog the nozzles 
and to cause the rapid wearing out of the packing, lining and other 
parts of the pump. However, its employment for orchard treat- 
ment, except for the blister-mite, should be largely tentative as its 
utility for other pests has not been so thoroughly established. This 
mixture and the commercial preparations now enable many of our 
fruit growers to use a sulphur wash, who for the reasons given have 
refrained from using this spray, prepared by the old method. 


SULPHUR SPRAYS AND DIRECTIONS FOR THEIR USE. 


THE BOILED LIME-SULPHUR WASH. 
FORMULA. 


AT OPC ee Md ea ig ost oats \s has a/h iatele Moraeiee a 20 pounds 
SELES kw EEO a Ee rer er roars I5 pounds 
WE ete PENI Sa eC ERT eT ee a 50 gallons 


Place the lime and sulphur in the cooking receptable containing 
about fifteen to twenty gallons of water. ‘Stir the mixture fre- 
quently and boil for one hour. Add water to make the required 
amount of wash and strain through a fine brass wire strainer into 
the spraying tank. Applications should be made while the wash 
is warm. | 


HOME-MADE CONCENTRATED LIME-SULPHUR WASH, 


FORMULA. 
POUT) Dulin Care trees 42 tree dels, ele ean repabisle.a ne 5 60 pounds 
BPO Ue een sane a arte taeteitale tt. Ween pe as 9-4 3): 125 pounds 
VLEs Stine Werte acy cine ye SANIT S CMe eT. cis & 50 gallons 


Slake the lime in the cooking receptable and stir in the sulphur, 
which has been made into a thin paste with water. Add enough 
water to make about forty-five gallons of mixture, which should be 
boiled for one or more hours. After the cooking is completed al- 
low the wash to stand until the sediment has settled to the bottom, 
when the clear, brownish liquid should be drawn off. To this add 


13 
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water if needed to make the required fifty gallons of concentrated 
solution.+ 

For use, dilute the concentrated sulphur solution at the rate of 
five gallons of the liquid to forty-five gallons of water. To every 
barrel of 50 gallons capacity of the diluted spray, add from ten to 
fifteen pounds of lime, made into a paste. The addition of the 
lime is not necessary, but by its use the trees are given a white- 
washed appearance, which enables farmers to judge better of the 
thoroughness of their spraying. This mixture may be used im- 
mediately after cooking, or may be barreled, to be drawn on as 
occasion requires. A greater dilution than that recommended may 
perhaps be employed in spraying for the mite. The mixture pre- 
pared after this formula does not leave as heavy a deposit on the 
trees as the ordinary boiled lime-sulphur wash, but in spraying for 
the mite this difference is immaterial. To avoid the loss of sul- 
phur, the sediment that remains after drawing off the concentrated 
solution should be boiled over again with fresh lime and water, and 
the liquid used to start fresh preparations or for purposes of dilu- 
tion. For this formula we are indebted to Prof. A. B. Cordley ot 
the Oregon Experiment Station, who has employed it in his ex- 
periments with sulphur sprays for the treatment of trees in foliage. 


COMMERCIAL PREPARATIONS OF LIME-SULPHUR WASH. 


During the past year, a number of these preparations have ap-. 
peared on the market. Two of the most widely advertised have 
been quite extensively tested in various Station experiments with 
the blister-mite, and at the strength employed, one part to nine parts 
of water, have proven very efficient remedies. A number of volun- 
teer experimenters have reported equally satisfactory results. Fruit 
growers who have heretofore refrained from using the lime-sulphur 
wash for the mite, because of the trouble of making and the ex- 
pense of a suitable cooking outfit, may now use one of the com- 
mercial brands. Usually some lime paste should be added to these 
preparations, as, without it, it is difficult to tell how thoroughly the 
applications have been made. 


*The concentrated solution gives a reading of about 25° on a Beaumé 
hydrometer. Fruit growers are advised to use this instrument in order to 
test their preparations. A Beaumé hydrometer costs 75 cents and can be 
purchased from Eimer & Amend, 205 Third Ave., New York City, and from 
other dealers in druggists’ supplies. 
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DIRECTIONS FOR APPLYING SULPHUR WASHES FOR BLISTER-MITE. 


Applications of the lime-sulphur wash may be made in the fall 
after the majority of leaves have fallen or in the spring until the 
buds commence to break and to show the tips of the young leaves. 
Treatment should not be made later than this as the sulphur sprays 
are very destructive to the tender foliage and the mites may have 
gained entrance into the leaves, where they would be beyond the 
reach of the. mixtures. If it 1s desired to treat the trees in the 
spring, the usual spraying at this time with the bordeaux mixture is 
unnecessary. By following this plan the work of spraying for the 
mite is greatly simplified, and for this reason it is generally pre- 
ferred by orchardists. Liberal quantities of the sulphur wash should 
be applied and the trees after treatment should have the appearance 
of being completely whitewashed. 
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REMEDIES FOR THE SAN JOSE SCALE AND DI- 
RECTIONS FOR THEIR USE.* 


Pal ibARROda. 


THE LIME-SULPHUR WASH. 


The formula and directions for preparing the lime-sulphur wash 
are as follows: 


Dutta LTE 15 aes see wea a nes gee ca ee oe ee 20 lbs. 
SUDHUL:. sc fs oe eae bk eel pec et een ee ios 
Waters 25. Sivestena ooo oe Get eee nes eo et een eee 50 gals. 


Place the lime and the sulphur in a kettle containing about fifteen 
to twenty gallons of hot water. Stir the mixture frequently during 
the cooking process to assist the chemical union between the lime 
and the sulphur, and to prevent the caking of the materials upon the 
sides of the vessel. Boil for one hour, then add hot or cold water 
as is convenient, to make the required amount of wash. The mix- 
ture, when properly prepared, is of an orange yellow color. For 
use, strain the wash through fine-mesh wire screen to remove coarse 
particles, and apply to the trees as soon as possible after cooking. 
After each day’s operation, rinse the tank to remove the sediment, 
and pump water through the spraying outfit to clean hose and 
nozzles. Flowers of sulphur, and light and heavy sulphur flour 
may be used. Because it is cheaper the latter grade is now largely 
purchased. Fresh stone lime, that forms an even paste free from 
grit and dirt, should always be used for this wash. 


TIME TO APPLY SULPHUR WASHES. 


The sulphur washes are very destructive to foliage, which limits 
their use to the late fall or early spring, when the trees are in a 
dormant state. If the spraying can be done in season, we advise 


*A reprint of Circular No. 9, new series. 
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that treatment with the sulphur wash be made in the spring. The 
operations should commence early enough to insure the requisite 
spraying of the trees before the buds burst. The applications of 
these sprays retain for several weeks considerable insecticidal 
power which is effective against the progeny of the old scales that 
chanced to escape destruction by the wash at the time of treatment. 
For peaches, early spraying, as soon as the ground permits, is 
recommended. This application will control both scale and peach 
leaf curl. ‘The sulphur washes, when used in the spring, are very 
safe sprays; and trees, even when drenched with them or repeatedly 
sprayed, will usually sustain very little injury. 

Applications of the sulphur washes in the fall may cause im- 
portant injuries to peaches and plums, especially if the wood is un- 
ripened. The effects on scale will prove satisfactory. If it is 
necessary to spray in the fall, the treatment should be made as far 
as possible to apples and pears, and the hardier sorts of other fruits, 
as they are less liable to bud injuries. Unfortunately in this State 
there is very little opportunity in the fall for the satisfactory treat- 
ment of apple orchards, because of the late retention of the 
foliage, which obstructs the sprays, and the early appearance of 
freezing weather. 

In considering the advisability of spraying in the fall, it should be 
understood that neglected, infested trees will die; and rather than 
take chances on their treatment in the spring it will pay to spray in 
the fall, as the increased vigor and usefulness of the trees arising 
from the control of the scale will more than compensate for 
probable losses in fruit yields. 


OUTFITS FOR COOKING THE WASH. 


To prepare the wash satisfactorily it is necessary to have a suit- 
able outfit. In making plans for such an outfit, one should re- 
member that the kind of plant, with reference to the use of a kettle 
over a fire or the employment of steam to prepare the wash, the 
location of plant in a position central with respect to the trees to be 
treated, the water supply, and the number of useful contrivances 
for handling the water and the wash, have much to do with the 
ease and cost with which the spray can be made and applied. The 
following brief description, accompanied by illustrations of the com- 
mon types of cooking plants will serve as a guide to the erection of 
an outfit adapted to individual circumstances. 
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COHEN.CO.CIN 


A SATISFACTORY KETTLE OUTFIT. 
Cut kindly loaned by the Philadelphia Farmers’ Supply Co. 


KETTLE OUTFITS. 


Small quantities of the lime-sulphur wash may be prepared in one 
or more large iron kettles or in a feed cooker. This arrangement 
is not as convenient or as economical as a steam cooking outfit; but 
it serves very well for the orchardist who does not wish to go to the 
expense of erecting a more costly plant. With a single kettle of 50 
gallons capacity, one can cook 400 to 600 gallons of wash per day 
or about enough to employ a roo-gallon hand-power spray rig. 
With a battery of kettles, the amount of wash cooked per day can 
be increased proportionately. 

Boiling the wash in a kettle over an open fire requires close at- 
tention to prevent the caking of the lime and the sulphur on the 
sides of the kettle and to supply the fire with fuel. It is more 
economical in fuel and labor to have the kettle set in an iron or 
brick base. There are on the market a number of styles of iron 
kettles with suitable fire box, as illustrated above, which can be 
purchased for about ten dollars from local hardware merchants. 


STEAM COOKING OUTFIT. 


While many fruit growers feel obliged to prepare the sulphur 
wash in iron kettles, experience has shown that this spray can be 
cooked more uniformly and cheaply, and with less inconvenience, 
by the use of steam. These facts are becoming well known among 
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our fruit growers, who are now erecting steam cooking plants. The 
outlay for a suitable plant need not be large, and if one possesses 
mechanical ingenuity a very satisfactory outfit can be provided at 
moderate expense. 

The essentials for a steam cooking plant are a steam boiler with 
necessary piping, barrels or vats and a plentiful supply of water, 
located as nearly as possible in the most central point of the 
orchards to be sprayed. Upright 8-horse-power boilers are com- 
monly used by our fruit growers. Under good management a 
boiler of this capacity will cook about 2,000 gallons of wash per day 
or more than enough to keep two power spraying outfits employed. 
If less wash per day is required, smaller boilers, ranging from 4 to 
6 horse power may be used. Fruit growers are warned not to pur- 
chase boilers of too small capacity for their needs because of the 
difficulty of maintaining sufficient steam pressure to cook the wash 
and to operate as well the injectors to pump water. 

For boiling the wash, either barrels or casks are employed. 
These are usually mounted on platforms about six feet from the 
ground, so that the prepared wash may flow by gravity from the 
cooking receptacle to the spraying tank. From an overhead pipe 
leading from the steam boiler, there are downward extending arms, 
one leading to each barrel or cask.” Each arm is fitted with valves 
to regulate the inflow of steam. Some fruit growers, to avoid the 
climbing necessitated by a raised platform, have the boiler and 
barrels on the same level, and employ injectors to pump water and 
the engine on the spray rig to convey the wash from the cooking 
barrel to the wagon tank. While the principles are the same, there 
is much difference in the appearance, convenience and capacity of 
the cooking outfits; as the orchardists generally erect the plants to 
suit their own ingenuity, tastes and circumstances. The illustration 
in Plate XXXV is an example of an outfit in common use in this 
State which will assist the fruit grower in erecting a cooking plant 
to meet his needs and fancy. 


SULPHUR WASH CONTROLS OTHER ORCHARD PESTS. 


The sulphur wash is a combined insecticide and fungicide. When 
well applied, this spray not only controls the San José scale, but it 
is also effective against other orchard pests. Early spraying in the 
spring will control peach leaf curl; and an application of the wash 
to apple trees, before the buds burst, will take the place of the first 
treatment with bordeaux mixture for the prevention of apple scab 
In some experiments on trees of moderate size treatment with a 
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sulphur spray has almost entirely prevented injuries by casebearers. 
The blister-mite on pear trees is largely controlled by applications of 
this mixture during the dormant season. It is also believed that 
thorough spraying with the sulphur washes before the buds burst 
affords considerable relief from the pear psylla. There is no other 
spray employed that has such a cleansing effect upon fruit trees. 


DIPPING OF NURSERY TREES IN SULPHUR WASH. 


The dipping of entire trees in a sulphur wash is a dangerous 
practice and is not advised. The roots of the tree should never 
come in contact with such a caustic spray. If it is desired to dip, 
simply immerse the top of the tree in the wash as far as the collar, 
leaving the roots untreated. For dipping to destroy the scale, sul- 
phur washes are less satisfactory than oil emulsions or miscible oils. 
In the use of a sulphur wash for the treatment of nursery stock in- 
fested with the scale much better results would be obtained by first 
planting the trees and then spraying them until they are thickly 
coated. 

For shipments of nursery stock the most efficient treatment is 
fumigation with hydrocyanic acid gas. Detailed directions for its 
use will be furnished on application. 


SOME SUGGESTIONS ON HANDLING THE SULPHUR WASH. 

The sulphur wash is very caustic; for this reason one should 
learn not to expose the bare hands and face to it. Always apply 
the spray with the wind as the work can be done cheaper and better, 
and is less disagreeable, since one avoids getting the spray upon 
himself and the horses. When the wind changes, spray the trees 
from the other side. For the treatment of large trees, apple es- 
pecially, use plenty of nozzles, at least four, as the work can be 
done more quickly and with economy in labor. For the protection 
of the hands wear the ordinary leather working gloves, into which 
common lubricating oil has been well rubbed. 


THE SELF-BOILED LIME-SULPHUR-CAUSTIC SODA WASH. 


VAT BUTE poss sw ns nie nye le eee ee 30 Ibs. 
SUI Pits foros 5,4 as ais sw leas 0s dope ie alan a i ee 15 
CAQSUCUSOUA. sna Fs che wi ea cia edie eames cones eta anes ays 
Wealernt ane eel. iP OE te eee ee LAC ae 50 gals. 


Place the lime in a barrel and start it to slake with hot water, 
using enough to prevent the lime from being air-slaked. As soon 
as the boiling action commences, add sulphur, which has just previ- 
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ously been made into a paste with hot water. Stir this in thoroughly 
and pour in water in small quantities to keep the mixture in the 
form of a rather thin paste. After the slaking of the lime, add the 
caustic soda and stir till it is dissolved. Cover the barrel with bur- 
lap and allow the wash to cook. When the chemical action has 
ceased, dilute the mixture with water to make the required amount. 

This formula is advised for fruit growers who only desire to 
make small quantities of a sulphur wash, and do not wish to buy 
a cooking outfit. It is a little more costly than the boiled lime-sul- 
phur wash, and will not, on the whole, prove as uniformly effective 
as that prepared by external heat. It commends itself to the small 
fruit growers because it requires no special vessel for its prepara- 
tion. 

Use the same grades of lime and sulphur as for the lime-sulphur 
wash. For extensive spraying, purchase from wholesale druggists 
the commercial caustic soda, put up in fifty-pound cans. Upon ex- 
posure to the air, the caustic soda absorbs moisture and greatly in- 
creases in weight. Odd amounts of the soda may be kept dry in 
covered Mason jars. To prepare small quantities of the wash one 
may use any of the common soda lye brands, as sold by grocers. 


HOME-MADE OIL-EMULSION. 


Crude petroletui:Or KerOSene.. 00d. ee ale sees: 2 gals. 
BA ea le-OlleOL TISIT-Oll “SOAD Sa a-dieva's Hevea s Eh ake sles othe Y% Ib. 
OTC ma (OteeeNee Eee ata coi. cade Ne tinleh wie 2k ood I gal. 


Dissolve the soap, which has been finely divided, in one gallon 
of boiling water. Remove the vessel from the stove and add the 
oil. Then agitate the mixture violently for from three to five min- 
utes by pumping into itself, until a creamy mass is formed, from 
which the oil does not separate. A well-made emulsion will remain 
stable for a long time, so that the stock supply can be made to be 
used as occasion requires. Fruit growers are advised not to em- 
ploy an emulsion which ‘shows a separation of the oil, as applica~ 
tions of such preparations may cause injuries to the trees. Crude 
petroleum is preferred to kerosene for the spraying of dormant 
trees in the spring. 


OIL EMULSION FOR SPRING USE. 
For the spring treatment of apples and pears, before the buds 
burst, dilute the above formula with seven gallons of water, which 
makes a spray containing approximately 20 per ct. of crude oil. 
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If it is desired to make larger quantities of the emulsion, the above 
proportions should be maintained. 

This formula is employed by a number of commercial fruit 
growers, who have experienced considerable difficulty in controlling 
the scale in old apple orchards by the use of a sulphur wash. Very 
satisfactory results have attended its use. With a steam cooking 
outfit, an emulsion can be more easily prepared than the sulphur 
wash and it 1s not so disagreeable to apply. Orchardists whe have 
been unable to control the scale satisfactorily in the older orchards 
are advised to try this formula for the entire treatment of the trees 
or as a spray supplementary to the usual application of the lime- 
sulphur wash, to reach the scales in the pubescence of the young 
wood. Successive years’ spraying with strong oil emulsions may 
injure the trees. Orchardists employing these mixtures should 
watch for the appearance of injury, in which event a safer spray 
should be used as an alternative treatment. 


OIL EMULSION FOR SUMMER USE, 

Summer spraying for the scale is now growing in practice. The 
chief aim of this work is to prevent the spotting of fruit. There 
are a number of observations which indicate that summer applica- 
tions by some fruit growers have given fairly satisfactory results 
and have paid for the trouble and expense, although it is generally 
believed that the treatment of trees in foliage for the San José 
scale is usually a failure. Orchardists who have only ‘partially con- 
trolled the scale by spring treatments, and who desire to prevent 
the further breeding and spread of the scale in their orchards are 
advised to test the value of summer spraying for their own use. 
For the treatment of trees in full leaf, dilute the above formula 
with seventeen gallons of water, which makes a spray containing 
approximately 10 per ct. of oil. In applying the emulsion, pains 
should be taken to thoroughly wet the fruit, foliage and wood of 
the branches and limbs which show spotted fruit. 


BORDEAUX-KEROSENE-MIXTURE FOR SUMMER USE. 


This is a new mixture to be tried experimentally on a few trees 
to determine its effects upon scale and plant. The merit of this 
spray is that oil may be used in the ordinary bordeaux mixture, 
which avoids the necessity of distinct applications of each. The 
flour acts as a carrier of the oil and in proportion to the amount 


NEw YorK AGRICULTURAL EXPERIMENT STATION. 395 


used adds to the body of the bordeaux mixture, which permits of 
a heavy coating of the trees. It should prove of much value for 
pests like the scale, pear psylla and plant lice. 


ot Ss 91S leet tench a adler aid ai Baie ein ait octal, ah 4 gals. 
Meee OUT SC CHCA A STARE )-y ta ale tie eles Stee en we 8 Ibs. 
Bordeaux mixture with the usual poison......... 30 gals. 


Pour the kerosene into a tub or barrel and add the flour. Thor- 
oughly stir or churn the oil and flour by means of a wooden paddle 
or dasher as employed in upright churns. Now pour in small 
quantities of the bordeaux mixture, the whole being violently stirred 
or churned until the spray can be pumped through coarse nozzles. 
The remainder of the bordeaux mixture may then be added and the 
combined spray should be pumped through the spraying machine 
with the usual nozzles attached until the flour is free from lumps 
and is evenly distributed. The prepared spray, when well made, 
is smooth, easily atomized and does not clog the nozzles. During 
spraying operations, the mixture should be continuously agitated 
to maintain an even distribution of the ingredients. If the spray 
is allowed to separate into layers, injuries to foliage may follow. 
This formula contains 10 per ct. of oil. If it is desired to try a 
higher percentage, use the oil in the proportions of one gallon of 
oil to at least two pounds of flour. Twice the amount of flour 
given in the formula may be used, which makes a wash that will 
heavily coat the trees. The cheapest flour that we have been able 
to buy at Geneva costs $1.80 per cwt. This wash has proven very 
satisfactory for summer treatment of the San José scale and apple 
lice. Orchardists experimenting with this spray are asked to re- 
port their results on treating trees in foliage for such pests as scales, 
plant lice, pear psylla, etc. We are indebted to Prof. W. S. Macoun, 
of Central Experimental Farm, Ottawa, for the suggestion of the 
use of flour as a carrier of oil in the bordeaux mixture. 


PROPRIETARY MISCIBLE .OILS, 


These are commercial insecticides and have proprietary names 
such as Kil-o-Scale, Scalecide, Target-Brand Scale Destroyer, etc. 
The important ingredients in the more efficient of these prepara- 
tions are oils which have been combined with some emulsifying 
agent to facilitate a uniform dilution with water. The cost of the 
miscible oils is from 50 cents to $1.25 a gallon, depending on the 
quantity purchased. While more costly, they are the most con- 
venient of scale remedies to prepare for use, as all that is demanded 


396 ReEporRT OF THE DEPARTMENT OF ENTOMOLOGY OF THE 


is to dilute the oil with water in the required proportions. These 
mixtures are well adapted to the needs of individuals who have 
only a few trees or small orchards to spray. Throughout the State 
there are fruit growers who, because of the ease of preparation, 
prefer these oils to other remedies. In the Station experience these 
preparations should be used in stronger proportions than is com- 
monly recommended. If only one application is made, spray in 
the spring as the buds are swelling, using one part of the oil di- 
luted with ten or fifteen parts of water. The miscible oils should 
never be applied while the trees are in leaf or when the buds are 
opening as the applications may cause severe injuries. 

It is claimed that these preparations may be safely used in the 
fall as soon as the majority of leaves have fallen, and that even 
more satisfactory results may be obtained on scale than by spring 
applications. The Station experiments have not given conclusive 
results on the safeness of such practice, so that the fruit grower 
planning for fall spraying should keep this point in’ mind. Kil-o- 
Scale may be purchased from Griffith & Turner, Baltimore, Md.; 
Scalecide from the B. G. Pratt Company, 11 Broadway, New York 
City; and Target Brand Scale Destroyer from the American Hor- 
ticultural Distributing Co., Martinsburg, W. Va. These prepara- 
tions may also often be purchased from local dealers in spraying 
supplies. 

HOME-MADE MISCIBLE OILS. 


These are new sprays and their use is largely tentative, to de- 
termine their utility under ordinary orchard conditions. These mix- 
tures require much more care and exactness in their preparation 
than the common scale remedies, and the chemical trade is not gen- 
erally well informed of the supplies required by the present for- 
mula. For these reasons we advise fruit growers that home-made 
miscible oils are largely experimental remedies and should not be 
extensively used until the ability of the average orchardist to pre- 
pare them or have them compounded properly has been satisfac- 
torily determined. Publications on the preparation of miscible oils 
are bulletins 75 and 79, Delaware Experimental Station, Newark, 
Del., and bulletin 49 Storrs Experiment Station, Storrs, Conn. 

THINNING OUT AND PRUNING OF OLD APPLE ORCHARDS. 

Close planting of orchards was formerly a common practice and 
as a result many apple trees have become very crowded. ‘The trees 
have produced too much top growth, which is difficult to spray, and 
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have too little bearing surface below, to make the treatment practi- 
cable. It is not an infrequent occurrence that the lower limbs 
thickly interlace, and for want of sufficient light yield only medi- 
ocre fruit. To spray an orchard in this condition satisfactorily is 
almost impossible and is generally unprofitable. Such an orchard 
should be carefully thinned out by removal of some of the trees, 
pruned, and well cared for in other respects, to facilitate spraying 
operations and to promote a more symmetrical growth and greater 
fruitfulness. In many communities there are old apple orchards 
which have been rejuvenated by these means and which serve as 
models for such work. 

In Niagara County, the topmost branches are often “ headed in” 
from four to ten feet to a good lateral, to reduce the height of the 
trees, and thus permit of more thorough applications of the spraying 
mixtures. When the pruning and treatment of wounds have been 
carefully done, the results have been satisfactory. But much harm 
has been done by indiscriminate slashing of the trees and by neg- 
lect to paint wounded surfaces. Disease and decay have invariably 
destroyed the tips of the stubbed branches and have weakened the 
principal lateral, which is oftentimes killed or broken off by the 
wind. If the scale is being satisfactorily held in check, the or- 
chardist should avoid “ heading in” because of the loss of bearing 
surface and the danger of diseases becoming established in the 
wounds. 
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REPORT OF THE HORTICULTURAL 
DEPARTMENT. 


DISTRIBUTION OF STATION STRAWBERRIES 
AND RASPBERRIES.* 


USPaHMEDRICK Anpi@siMy LAYLOR, 


LN DRODUG DLO: 


The New York Agricultural Experiment Station has four new 
varieties of red raspberries and three new varieties of strawberries 
for distribution during the spring of 1908. These varieties are the 
incidental outcome of experimental work in plant breeding. They 
have been grown and compared with practically all of the standard 
sorts and novelties of their kind and are equal to or superior to all 
other red raspberries and strawberries grown on the Station grounds 
in one or more respects. The distribution of these varieties is 
undertaken that we may ascertain their value and adaptability in 
the different fruit regions of New York. We hope, too, by sending 
out these plants, and through the account of their origin herewith 
given, to stimulate the interest of fruit-growers in plant breeding 
and to promote local experimentation with varieties of fruit. 

The breeding of fruits and vegetables is becoming the most 
prominent feature of the work of the Horticultural Department of 
this Station. Since the objects and methods of plant breeding are 
not well understood by fruit-growers, or the public, a few explana- 
tory statements regarding such work in horticulture at this Station 
are in place. 

For a quarter of a century this Station has been attempting the 
improvement of horticultural plants. Several new vegetables and 
*A reprint of Bulletin No. 208. 
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at least one meritorious fruit, the Hunn strawberry, have been given 
to horticulture. In the beginning the chief aim was to originate 
new varieties; but more and more, as the work has been carried 
forward, new varieties have become incidental and now plant breed- 
ing for itself is given chief attention. This Department is now at- 
tempting, and has made some progress, in breeding all of the tree 
fruits, grapes, red raspberries, strawberries and several of the vege- 
tables. Roughly grouped, the objects in carrying on this work are, 
at the present time: 

(1) A study in the correlations of the different characters of 
plants. Professor S. A. Beach, formerly in charge of the work, 
has made several contributions to the knowledge of this subject 
from work done on the Station grounds.! 

(2) Investigations of the laws of inheritance and variability. 
A paper on this phase of plant breeding containing a record of the 
behavior of crossed tomatoes was presented by the writer and Mr. 
N. O. Booth at the fifth annual meeting of the Society of Horticul- 
tural Science.? 

(3) The adaptation of plants to new environment. To this end 
the Station is now testing about 1760 varieties of American and 
foreign fruits. | 

(4) The development of hardy plants. The peach is the special 
object of study in this case. Considerable preliminary work has 
been done in the study of the factors which influence hardiness of 
the peach. A plantation of all obtainable varieties, 258 sorts, has 
been set for experimental and breeding purposes, with special refer- 
ence to hardiness. 

(5) The development of resistance to disease. Illustrative of 
this work two examples may be cited. Several hundred seedling 
pears are now being grown from parents more or less immune to 
pear blight, with the possibility of getting a variety comparatively 
immune to this disease. All obtainable varieties of head lettuce 
have been grown and selections and crosses made in the hope of 
getting a variety that will withstand “ lettuce rot” and “ tip-burn.” 


*Grape Breeding: Size, Weight and Specific Gravity of the Seed as 
correlated with Germination and Vigor of the Seedling. Proceedings of 
the Society for Horticultural Science, 1: 42. 

?Mendelian Characters in Tomatoes. Proceedings of the Society for 
Horticultural Science, 1907. (In press.) 

*U. P. Hedrick: Factors Affecting Hardiness of the Peach. Inter- 
national Conference on Plant Breeding,, New York, 1907, p. 19. 
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(6) Improvement through crossing and hybridizing as a basis for 
generalizations as to the use of these operations in plant breeding. 
There are now growing about 2700 crosses and hybrids on the Sta- 
tion grounds and many times as many more have been discarded in 
the past few years. 

(7) Systematic selection from pure-bred seedlings. A consider- 
able number of pure-bred grapes have been and are now being 
grown for this purpose. 

(8) To discover what botanical and horticultural groups of the 
several fruits and vegetables best transmit their characters to their 
offspring either as pure-breds or in crosses. Valuable data as to 
the transmitting power of groups of grapes, apples, raspberries and 
strawberries have already accumulated. 

(9) Incidental to the above lines of research, the production of 
new varieties. Seven of these are described in this Bulletin. 

One or two words further are necessary to a proper understand- 
ing of this work by the layman. In all of the plant breeding in 
this Station an attempt is made to study every plant and to make a 
more or less full record of its behavior, whether promising or not 
from the grower’s standpoint. With each group of plants the work 
is along well defined lines, for a definite object, and according to a 
specific method. The desire is to know exactly how any particular 
result is attained. No time limit is set to any of the problems in 
plant breeding and it is not the intention to publish results nor dis- 
tribute new varieties at stated times. The Station is not a com- 
petitor of seedsmen or nurserymen, and does not distribute seeds or 
plants that can be obtained in the trade. It should be said, too, 
that the Stations is anxious that the trade have and offer for sale any 
of the new varieties that may be produced in the breeding work of 
this institution. It desires, too, that seedsmen and nurserymen 
have a full knowledge of the work done in breeding plants that 
they may take advantage of any progress made by the Station in this 
field. | hate | 


STATION STRAWBERRIES. 


The breeding work which gave rise to the three varieties of 
strawberries now to be distributed was begun in 1898. During this 
season seeds were saved from three crosses and self pollinated seed 
was saved from one variety. In making the crosses, and in saving, 
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keeping and sowing the seed the usual precautions were taken with 
the result that plants as follows were grown in 1899: 


Pann’ Xs Marshall ener ete eee nen 255 plants. 
Sample UM arshall 2 Soe i oe eee 31. ee 
Pink ALAN Ce ae tee a Ar Shah 107 
Marshall, pure bred:2<..2 2009 20 a, Ae ieee Gin fae 
Total ss ctisestacesdtiste.s seis ee Nee eee te eee 5447 ae 


The crosses were made by Wendell Paddock, then of this De- 
partment, and the subsequent work of selection has been done, in 
the main, by O. M. Taylor, Foreman in Horticulture. The division 
of labor with these particular varieties serves as a reminder of the 
divided work in practically all plant breeding. First, there must be 
a starting point and, whether of parents to cross or an individual to 
breed from, good judgment must be exercised in selecting plants 
with the characters desired most highly developed and so far as 
known with characters most transmissible. Second, skill must be 
patiently and persistently exercised in selecting the plants most 
nearly approaching the ideal in mind until the end sought for is as 
nearly as possible attained; perfection is scarcely possible. 

The history of the 544 plants obtained in 1899 is quickly given. 
Most of them fruited in 1900 and it was apparent at once that at 
least three-fourths of them were worthless and these were forth- 
with discarded. The plants weeded out either produced inferior 
berries, lacked vigor, or showed one or more markedly poor char- 
acters. After a further selection and weeding out in I901, 31 
seedlings remained and these were allowed to form runners which 
were removed to new beds in 1902. In the summer of 1903, the 
31 seedlings fruited and all but three were discarded. After five 
years and three crops of fruit the number was reduced from 544 to 
3 seedlings. The years following have been devoted to further test- 
ing the three remaining seedlings and now, after ten years of selec- 
tion and testing, these have become named varieties. For fear the 
length of time taken in the breeding of these strawberries may dis- 
courage the prospective plant breeder, it should be said that at the 
end of the fifth or of the sixth year at most, the value of the three 
seedlings which we have named was known and the work of pro- 
ducing the new varieties was completed. 
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The crosses have given varieties as follows: 
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The above results are interesting but scarcely even suggestive. 
The figures are not nearly great enough to draw conclusions as to 
the transmitting power of the four parents. About the only gen- 
eralizations that can be made in regard to these crosses are that in 
the offspring of those in which Marshall was one of the parents 
the foliage of this variety appeared in the great majority of the 
seedlings. So, too, the fruit characters of Hunn were dominant in 
the resulting seedlings over those of Marshall and Atlantic with 
which it was crossed. 

The following is a description of these seedlings: 

Magnus.— Parentage, Hunn X Marshall. Blossoms imperfect. 
Plants numerous, medium to above in height, productive. Leaves 
large, attractive dark green, attacked slightly by leaf blight in un- 
favorable seasons ; leaf stems medium in length, thick. Fruit stems 
of average length, thick, and usually dowble. Calyx large and leafy, 
set in a slight depression. Seeds raised. Fruit above medium to 
very large, retains its size well as the season advances, roundish 
conic to slightly elongated and with pointed apex, very dark scarlet, 
showing Hunn blood, variable in color unless well ripened. Flesh, 
rather light at center, firm, juicy, mildly acid, good to very good 
in flavor and quality. The fruit ripens in mid-season. The growth 
and color of foliage closely resemble Marshall, while the color of 
the fruit is that of the Hunn. When well colored, this variety ranks 
among the very best in size, attractiveness, and quality. It is 
thought that the Magnus will prove a very valuable new sort for 
home use. Its variable color is somewhat against it as a berry for 
the market. 

Prolific.— Parentage, Sample X Marshall. Blossoms perfect. 
Plants very numerous, vigorous to very vigorous, usually pro- 
ductive, yielding on the- Station grounds as high as 14,052 quarts 
per acre. Foliage of good size, somewhat susceptible to leaf blight 
in unfavorable seasons, in color comparatively dark green; leaf 
stems long, thick. Fruit stems of medium length, stout and usually 
single. Calyx medium to below in size, depressed, sometimes 
slightly discolored. Seeds somewhat raised. Fruit very large to 
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above medium, roundish conic to blunt wedge, rather light in color 
but nevertheless an attractive bright scarlet. Flesh firm, fairly 
good color at center, agreeably acid and of good flavor and quality. 
Fruit ripens in early mid-season. The color of fruit is slightly 
lighter than Marshall, possibly a merit for some markets. On ac- 
count of its vigor, the great productiveness of its plants, and the 
attractiveness of the large well-colored berries, this variety gives 
promise of taking front rank among standard commercial straw- 
berries. 

Quality.— Parentage, Hunn X Atlantic. Blossoms variable, 
averaging semi-perfect. Plants somewhat numerous, fairly pro- 
ductive, healthy, and of average vigor. Leaves medium to above in 
size, moderately dark green; leaf stems medium to below in length, 
rather stout. Fruit stems short, stout, usually double. Calyx 
medium to large, leafy, set in a slight depression. Seeds sunken. 
Fruit above medium to very large, roundish conic to wedge, or 
varying to slightly elongated but blunt at apex, light and dark 
scarlet, glossy. Flesh good color to center of fruit, firm, mildly 
acid, good to very good in flavor and quality. Season rather late. 
Both plant and berry of the Quality resemble the Hunn more than 
the Atlantic. 

A characteristic of the Quality is its great variability in sex. On 
the Station grounds it ranges through all gradations from perfect 
to imperfect. 

Although lacking somewhat in productiveness, Quality ranks 
high in general appearance and in quality, and if these characteris- 
tics show in other localities, the variety is well worthy of a place in 
the home plantation and many possibly prove a good commercial 
sort. 


STATION RASPBERRIES. 


The work in breeding raspberries dates back to 1897 and 1898 
when seeds from six crosses and self pollinated seeds from three 
varieties were saved. As with the strawberries, the crosses were 
made by Mr. Paddock and the subsequent work of selection has been 
done by Mr. Taylor. The parentage and numbers of resulting seed- 
lings are as follows: 
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The history of these 1191 seedlings is similar to that of the 
strawberries in the matter of length of time the majority of them 
were permitted to live. At the close of the first fruiting season 
all but 44 were destroyed. In the years that have followed 
further selections have reduced the number to eight, all off- 
springs of the crosses, no variety worth perpetuating having come 
from the pure bred seedlings. In six of the eight varieties the 
parents have been Loudon and Marlboro,: five from Loudon X 
Marlboro and one from Marlboro X Loudon. In the other two 
the parents were, of one, Marlboro X Superlative and of the other, 
Superlative X Marlboro. Four of the seedlings have been named 
and are herewith offered for further testing in the State. Three 
of the remaining seedlings are still on the doubtful list, and the 
fourth, probably the most valuable of the eight seedlings because 
of its extreme earliness, will not be ready for distribution until 
the spring of 1909. 

The following is a description of the four seedlings now ready 
for distribution: 

Louboro.— Parentage, Loudon X Marlboro. A comparatively 
strong grower, intermediate in height and vigor between its par-- 
ents. The canes are numerous and more closely resemble Loudon 
than Marlboro in general appearance. The berries average fully 
as large or slightly larger than either parent and retain their size 
well as the season advances; the fruits vary somewhat in firmness 
and color but are fairly firm and in general are a handsome light 
red; in flavor and quality, good. The berry closely resembles 
Marlboro in shape and in drupelets. The season is slightly earlier 
than Loudon. The Louboro has proved hardy except in severe 
winters and is very productive, yielding over 9,000 quarts per acre 
cn the Station grounds. 

While this variety may possibly prove too light in color, and 
not firm enough in wet seasons, yet it appears to be very worthy 
of an extended trial as a commercial sort, on account of its ex- 
treme productiveness and the large size of the fruit. 
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Marldon.— Parentage, Marlboro X Loudon. The canes of this 
variety are lighter in color than those of either parent and in 
general are of the Marlboro type, though more vigorous and 
stockier. Suckers appear in great numbers and grow rapidly into 
hardy and productive canes yielding as high as 10,257 quarts per 
acre in the Station plantation. 

The fruit is large to very large and retains its size well as the 
season advances, slightly longer than Marlboro, handsome dark 
red in color, and of average firmness, earlier than either parent. 
Although not as sweet nor as highly flavored as the best standard 
varieties, it ranks better than the average and on account of its 
hardiness, vigor, productiveness, large size and the handsome .color 
of the fruit, it is worthy of trial as a commercial sort. 

Donboro.— Parentage, Loudon X Marlboro. The numerous 
canes are intermediate in general appearance between the parents, 
though stockier and stronger than either parent, nearly smooth. 
The plants have proved hardy, except in the most severe winters, 
and are very productive, yielding in one season 10,964 quarts per 
acre. The foliage is a very attractive dark green. The fruit is 
large to very large and holds up well in size as the season ad- 
vances; it is an attractive light red in color and very firm. The 
Donboro resembles Marlboro in shape and color, and is fully equal 
to this parent in flavor and quality. 

This variety has made a high record at the Station as a com- 
mercial sort and is worthy of a careful test as a market berry. 

Marlative.— Parentage, Marlboro X Superlative. Growth very 
stocky, semi-dwarf, growing slightly taller than the Superlative, 
very productive, yielding as high as 11,720 quarts per acre, as 
grown at the Station. The berries ripen earlier than Loudon. 
In general appearance the canes resemble Marlboro. The fruit 
is unusually large, dark red, more attractive than either parent, 
firm, and good in flavor and quality. The drupelets are very 
large and somewhat coarse in appearance, so much so that the 
surface of the berry is uneven. Although Marlative has not 
proved hardy every season and has shown a strong tendency to 
crumble some seasons, yet, on account of its unusual attractive- 
ness in size and color, it is worthy of testing as a fancy sort for 
commercial purposes. Possibly on other soils the tendency to 
crumble may disappear. 
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TERMS OF DISTRIBUTION. 


There are no restrictions upon recipients of plants as to further 
distribution of the varieties by sale or otherwise. If the fruits 
prove meritorious, it is desired that they be generally disseminated 
as quickly as possible. The only obligations asked of those who 
receive plants are that they keep the varieties true to name, give 
them good care, and that they report to the Station the behavior 
of the varieties. The Station will furnish blanks for reports. Re- 
ports will be asked for, not only once, but from time to time until 
the value of a variety for a locality is determined. Applicants 
should state that they will comply with the above conditions. 

The plants are furnished to accepted applicants and are packed 
without charge but the recipient must pay the expressage. Plants 
will not be sent by mail. Applicants must give both mail and 
express addresses. 

The Station can supply but comparatively few growers of small 
fruits of the State with the new varieties and reserves the right 
to make a choice of the growers to whom they will be sent as may 
be preferred. This choice will depend chiefly on priority of ap- 
plication and upon the number of applicants from a locality. We 
cannot furnish any of these varieties to citizens of other states. 

The number of plants of each variety that can be furnished 
to one person is 6 for the raspberries and 12 for the strawberries. 
It is desired that a person receiving any should receive all of the 
varieties of each or both fruits that a comparative test may be made 
of them. 

An applicant should state whether or not he is growing’ either 
or both of the fruits in a commercial way as it is not the wish 
to send the new sorts to those who are not growing standard kinds 
with which they may be compared. 

Since there are comparatively few plants for general distribution, 
those who want them for home use only, or to grow them out of 
curiosity, or because they can be had for nothing, are asked not to 
apply. | 

This Station does not invite application for plants, scions or 
seeds other than those specifically offered through its publica- 
tions. Generally we cannot furnish them. 

Address all correspondence regarding these new fruits to Hortt- 
cultural Department, New York Agicultural Experiment Station, 
Geneva, N. Y. 
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THE RELATION OF WEATHER TO THE 5SET- 
TING OF FRUIT; WITH BLOOMING 
DATA FOR 866 VARIETIFS 
ODVERUIE 


U. P. HEDRICK. 


SUMMARY. 


1. The relations of weather to the formation and development 
of fruit seem to have been lost sight of in the current discussions 
of the failures of blossoms to set fruit. 

2. In New York, unfavorable weather is probably the predomi- 
nating one of the several factors which cause the loss of fruit 
crops during blooming time. | 

3. Late frosts ruined the fruit crop in western New York in 
1889, 1890, 1895, and 1902. The fruit crops of 1884, 1888, 1891, 
1893, and 1903 were seriously damaged by killing frosts. Besides 
the above years, pears, peaches and plums were more or less in- 
jured by frosts in 1892, 1896, and 1900. Fruits were injured at 
blossoming time by frosts in thirteen years out of the twenty-five 
under consideration. . 

The average date at which the last killing frost is likely to occur 
in any locality, as a normal event, must often determine the limit 
in latitude or altitude at which a fruit can be grown. Even in the 
most favored fruit regions of the state the records bring out the 
fact that killing frosts must be expected, occasionally, to destroy the 
fruit crop wholly or in part. 

4. Wet weather almost wholly prevented the setting of fruit in 
New York in the years 1881, 1882, 1883, 1886, 1890, 1892 and 
1901. Rain is mentioned as one of the causes of a poor setting 
of fruit in the years 1888, 1889, 1891, 1893, 1894, 1898, 1905. 
Of the seasons given above, moisture came at blossoming time in 
the form of snow in 1899 and in 1891. Gales of wind accom- 
panied the rain in 1881, 1882, 1883, and 1905. The rainfall came 
in periods of prolonged cold weather in the years 1881, 1882, 
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1883, 1886, 1888, 1889, 1891, 1892, 1894, 1898, 1905. In 1890 the 
rainy weather was hot and sultry. Frosts and cold weather accom- 
panied the rains in 1888, 1889, 1890, 1891, and 1802. 

Rain and the cold and wind that usually accompany it at blos- 

soming time cause the loss of more fruit than any other climatal 
agencies. The damage is done in several ways. The most obvious 
injury is the washing of the pollen from the anthers. The secretion 
on the stigmas also is often washed away or becomes so diluted 
that the pollen does not germinate. It is probable that the chill 
of rainy weather decreases the vitality of the pollen and an excess 
of moisture often causes pollen grains to swell and burst. Rain also 
prevents bees and insects from carrying pollen. 
5. A temperature low enough to be harmful to blossoms is 
usually associated with frost or rain; but a low temperature, even 
though it does not touch the frost point, nor accompany rain, is 
often disastrous to the setting of fruit. The injurious effect is prob- 
ably due to the prevention of the growth of the pollen-tubes. 

The average daily range in temperature is an important constit- 
uent of blooming time weather. When the daily range is highest 
the danger to blossoms is greatest. The most jeopardizing © 
weather to the fruit crop, from the standpoint of temperature, con- 
sists of warm, sunny days followed by still, cloudless, cold nights. 
The danger is all the greater in such stresses of weather because 
the heat of the day forces out the blossoms prematurely. 

6. Sunny weather is reported at blooming-time in western 
New York in the years 1885, 1887, 1896, 1897 and 1900. In each 
of the above years the sunshine was accompanied by warm, dry 
weather. It is a most significant fact that there were good crops 
of fruit in all of the years named and that in three of them there 
were record-breaking crops of one or another of the fruits and 
enormous crops of practically all of the tree-fruits. 

7. Wind of sufficient strength to damage blossoms in New 
York occurred in the years 1881, 1882, 1883, and 1895. In the 
years when rainfall was detrimental to blossoms, wind is men- 
tioned several times as an accompaniment. Wind is not men- 
tioned in any of the years of frostiness. 

The effects of wind may be summarized as follows: Winds 
whip blossoms from the trees and prevent insects from working. 
Long continued, warm, dry winds injure blossoms by evaporating 
the secretion from the stigmas, thereby preventing the retention 
and germination of pollen. Damp, warm winds, if long con- 
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tinued, are unfavorable to pollination. A cold, dry, north wind 
in blooming-time chills vegetation and stops the normal functions 
of flowers and leaves. On cold, clear nights, winds keep off 
frosts by renewing the heat; or by bringing fogs or clouds from 
lakes or ocean, frosts are prevented on the leeward side of the 
water. 

8. It is beyond the power of man to control weather except in 
the case of light frosts which may be prevented to some extent by 
whitewashing trees to delay blooming-time; by smudging to pre- 
vent loss of heat by radiation; and by the use of numerous fires 
in the orchard to raise the temperature. 

g. Locations for growing the different fruits should be selected 
with reference to general and local climate; in the first case, 
latitude, altitude and proximity to large bodies of water are the 
determining factors; in the second case the lay of the land is the 
determinant. 

10. Varieties of fruit of the several kinds can be selected with 
reference to time of blossoming to escape in some degree injurious 
_ stresses of weather. 

11. Fruits may be selected with reference to their ability, from 
one cause or another, to withstand injurious weather; of the 
several factors which influence hardiness, cultural treatment to 
induce strong vitality probably helps plants most to withstand 
stresses of harmful weather. 

12. The climate changes in short cycles but such oscillations 
are not permanent and it is probably beyond the power of man ta 
change the climate by flooding or draining, by planting or destroy; 
ine forests, or by any other means. 

13. Ths time of blooming is a particularly important period in 
erowing fruits and especially so as to the welfare of the crop. 
The dates of blooming for 866 varieties of fruit are given in the 
bulletin and from these the following deductions may be drawn: 

14. If cross-fertilization is to play an important part in fruit- 
growing, in planting to secure it kinds must be chosen which 
come into blossom at the same time as those which they are ex- 
pected to fertilize. A table is given which shows the sorts that 
bloom together or nearly enough so to make cross-pollination 
possible. It will be found upon examining the list, that under 
normal conditions and during the average season, varieties of 
any one species overlap sufficiently for the above purpose unless 
it be the very early and the very late varieties. 
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15. It is believed by some that early varieties bloom earlier 
than late ones and that late varieties are therefore less liable to 
have their blossoms injured by late frosts. By selecting a large 
number of any of the several fruits for which blooming dates are 
given and by making a list from the fruit manuals of their period 
of ripening it is found that there is absolutely no correlation 
between blooming and fruiting, although there are many apparent 
exceptions. 

16. The averages of the data for the five years considered in 
this bulletin show the length of time the several fruits are in 
bloom: For apples as a species it is about g days; pears, 7 days; 
peaches, 8 days; plums, 7 days; cherries, 7 days; grapes, 10 days. 
The time from first blossoms until all have dropped varies in 
accordance with the factors we have discussed as affecting bloom- 
ing time. In very hot, dry weather blossoms of some fruits do 
not last longer than forty-eight hours. 

17. An inspection of the dates of blooming of all the fruits 
shows that there is a variation of several days in most seasons 
between the appearance of the first blossoms of the different 
varieties. This can be taken advantage of in selecting sorts to 
avoid injury from frost. 

18. It is probable that early blooming varieties are not nearly 
so well cross-pollinated as the late blooming sorts; for there are 
always many -blossoms on the early blooming sorts appearing 
late and until the late blooming kinds are in full bloom; and it is 
likely that pollen carried by insects maintains its viability for a 
considerable length of time making it available for the cross- 
pollination of the late blooming varieties. 


INTRODUCTION. 


In the current discussions of the failure of blossoms to set 
fruit we seem to have lost sight of the relations of weather to 
fruit formation and development. The uncertainties at this period 
in the growth of orchard crops, in recent years, have been at- 
tributed almost entirely to the lack of cross-pollination. It is 
probable that the latter factor is an important one with some 
fruits. It has been so proved by a number of careful experi- 
menters, and the experience of fruit-growers confirms it as a 
fact and attests to its importance. Yet there are many orchardists 
in this State who, having tried mixed planting of tree-fruits, apples 
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and pears in particular, to secure cross pollination and without 
resulting crops of fruit, doubt the value of such plantings, holding 
that the disadvantages of mixed planting outweigh the advan- 
tages. A prominent German experimenter,’ after several years 
of investigation, denies that there is any gain in the setting of 
truit in mixed plantations of apples and pears. ‘There is there- 
fore a controversy as to the necessity of cross-pollination for the 
setting of apples and pears and this shows that there is need of 
further investigation to determine with greater certainty why 
orchard trees so often fail to set fruit when there is an abundance 
of blossoms. 

Admitting that self-sterility with a lack of cross-pollination 
is a cause of failure of many plants to set fruit, all agree that 
there are other causes; as, weather; age and vigor of plant; the 
individuality of the plant; and plant environment whereby food, 
moisture, light and other conditions are affected. 

One cannot read the records of fruit growing in New York 
without concluding that among these, unfavorable weather is 
the predominating factor in the loss of fruit crops during blos- 
soming time; in fact that weather exerts a controlling influence 
far more powerful than all other causes. Unfortunately there 
seems to have been but little investigation to show the relations 
of weather to the setting of fruit; and because the deleterious 
effects of unfavorable weather have not been more carefully set 
‘before the fruit-grower, and because of the impossibility of con- 
trolling weather conditions, the important relationships of weather 
to the setting of fruit are largely overlooked in orchard practice. 

The fact that weather cannot be controlled is not sufficient 
reason for this neglect. Inquiries as to the nature and influence 
of atmospheric agencies at blooming-time should be helpful in 
many ways: In determining causes of failure; in selecting sites 
for orchards; through a study of the relation of weather to the 
setting of fruit for a past period we shall be able to forecast the 
future with more assurance; and through more accurate knowledge 
of the weather and its relationship to the setting of fruit the 
orchardist can better prevent the evil effects of bad weather. 

There is much to lead us to believe, too, that the stresses of. 
weather, of cold and heat, of wetness and dryness — which we 
have in eastern and central United States, largely account for 


*Ewert. Blutenbiologie und Tragbarkeit unserer Obstbaume. Landw. 
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the comparative sterility in many varieties of our fruits. On 
the Pacific coast, where the weather is much more equable, varieties 
of apples, pears and plums which are rated as sterile in New York 
are fertile, or more nearly so than in the East. The same is true 
with varieties of fruits in England as, compared with the same 
kinds in eastern United States. Varieties of strawberries having 
imperfect flowers in our climate, under the more equable climate of 
California or England, produce perfect flowers. 

The subject in hand can be investigated by direct experimenta- 
tion with weather and plants; or, by inferences drawn from the 
behavior of fruit crops during the varying weather conditions of 
past seasons. The first method is probably the more accurate, 
but since weather does not come to one’s making, and cannot be 
varied at will, nor applied locally, it would require much time to 
investigate the subject experimentally. The second method, while 
lacking in accuracy, is more suggestive; is available at once; 
covers a larger field; and for preliminary work need not be less 
useful than direct experimentation. In this investigation we have 
relied on the second method almost entirely. 

What is weather? Not simply the vicissitudes of the season, 
the stresses of weather, the sense in which the term is so often 
taken. It is used here in the sense of meaning all of the com- 
mon phenomena of the atmosphere; as, heat or cold, wetness or 
dryness, clearness or cloudiness, calm or wind. An extremity of 
any one of these attributes of weather may endanger the fruit crop 
at blossoming’ tirne. 

So, too, we need to define the other term of our subject. The 
settmg of fruit comprises the several processes which take place 
in the blossom in the formation of fruit. The layman needs to 
study well the delicate and complicated procession of events which 
take place in a blossom during the formation of a fruit in order 
to appreciate how easily it may be jeopardized by unfavorable 
external or internal influences. With most plants the young fruits 
begin to form before fertilization takes place, though the unfer- 
tilized ovaries have but a slight hold upon life. Any untoward 
influence, even the least, may cause the fruit to drop. © Fertiliza- 
tion seems to give the tiny fruits new life and to strengthen the 
attachment to the parent plant, probably because of the nourishment 
drawn to supply the embryo. Thus this life event usually — not 
always — determines whether a fruit is to hang or to drop, though 
it in no way insures its complete development. Even after fer- 
tilization, successful so far as can be determined, much fruit drops. 
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In this investigation of the relationships of weather and fruit 
setting we are fortunate in having the printed records of the fruit 
crop of a great horticultural region for the past twenty-five years. 
The records appear in the Proceedings of the Western New York 
Horticultural Society under the head of “ Reports of the County 
Committees.” These reports chronicle various facts of interest 
and value regarding the fruit crop for the year and county for, 
which they were written. They are signed for most part by the 
chairmen of the committee, but the names of those who assiste«’ 
in securing the facts set forth are to be found in the printed lists 
of committees. Among those who have served on these committees 
are the names of some of the most noted American horticulturists ; 
as, Patrick Barry, George Ellwanger, H. E. Hooker, James Vick, 
J. S. Woodward, S. D. Willard, T. S. Hubbard, E. A. Long, W. R. 
Lazenby, E. Moody, L. Yeomans, C. M. Hooker, W. C. Barry, 
George’ S: Josselyn,..Protf./1.)P. Roberts, Jno. W. Spencer;aizai 
Bailey, and many others, possibly less well known, but scarcely less 
competent for the work. The accuracy and judgment of such men 
cannot be doubted. Moreover, the reports, beside appearing over 
the names of these selected men, have been under the fire of the 
criticism of an able and critical horticultural society. Examination of 
crop reports, weather records and the agricultural papers for the 
period under discussion, were made to further strengthen the data 
given, so that, coming from all these sources we believe them to be 
reliable. 


WEATHER AND FRUIT-SETTING FOR THE YEAR 1881 
TO 1905 INCLUSIVE. 


Ninety-seven reports have been considered out of the several 
hundred covering the twenty-five years included in this investiga- 
tion; the reports are from sixteen counties and they were pre- 
sented by thirty-five men acting as chairmen of the county com- 
mittees; in several counties the same committee acted year after 
year, giving thereby greater accuracy and uniformity to the data. 
It is impossible to classify these reports to show conclusively the 
relative importance of the several weather constituents in causing 
the failures of fruits to set; or to show what localities are most 
advantageously located with respect to weather. But the rough 
classification attempted should suggest what weather factors most 
injure fruit, and the tables which accompany this summary should 
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show what localities are best favored with weather suitable for 
fruit-setting. It is thought best to add such facts in the discussion, 
gleaned from whatever source, as would be helpful to the fruit 
grower in combatting unfavorable weather. 


KILLING FROSTS AND FRUIT-SETTING. 

Late frosts ruined the fruit crop in western New York in 1889, 
£890, 1895 and 1902. 

The fruit crops of 1884, 1888, 1891, 1893 and 1903 were seriously 
damaged by killing frosts. 

. Besides the above years, pears; peaches and plums were more 
or less injured by frosts in 1892, 1896 and 1900. 

Thus, considerable damage was done to fruits at blossoming- 
time by frosts in thirteen years out of the twenty-five under 
consideration. — : 

Years with killing frosts occurred in series; from 1881 to 1888 
there were no killing frosts; damaging frosts occurred in six years 
in succession, 1888 to 1893; in the succeeding years the frosts were 
somewhat more evenly distributed. | 

It can be seen from this summary that the average date at 
which the last killing frost is likely to occur in any locality is 
a matter of great importance to the fruit grower. In fact, this 
date, for the average year, or as a normal event, must often de- 
termine the limit in latitude or altitude at which a fruit can be 
grown. Even in the most favored fruit regions of the State the 
records bring out the fact that killing frosts must be expected, 
occasionally, to destroy the fruit crop wholly or in part. No season 
passes but that some loss is caused by late spring frosts in some 
part of New York. | 

There is a difference in the degree of cold that will injure 
blossoms and the developing ovaries of fruit of the several species. 
Table I shows the temperatures which are liable to injure setting 
fruit. The table has been compiled from scattering information 
from all parts of the United States as well as from the reports of 
these county committees in New York. Investigation of all the 
fruits in one locality for a long period of years would probably 
change more or less the data given. It will never be possible to 
fix definite temperatures at which setting fruits are injured, for 
several conditions change them; as, humidity of the air, cloudiness, 
diffuseness of sunlight, atmospheric pressure and possibly in- 
dividuality of the plant. There are known to be, too, slight differ- 
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ences as to the degree of cold that will injure different varieties 
of a fruit at this stage of development. | 


TABLE ].— TEMPERATURES WHICH INJURE SETTING OF FRUITS. 
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A point well brought out in some of the discussions which 
followed the presentation of the reports quoted was that frost 
injury may be of all degrees, both as to the number of blossoms 
killed and as to the effects on individual blossoms. It does not 
appear from these discussions, however, or from any informa- 
tion which the writer can obtain, that one can distinguish exactly 
the degree of injury suffered by a blossom; nor even tell in all 
cases very accurately the percentages of buds that are killed out- 
right; though withered, blackened reproductive organs —more 
especially the pistil — usually indicate that the viability of the blos- 
som is destroyed. The loss from light frosts in most cases has 
been very greatly overestimated. 

In examining the records of killing frosts for this region, one 
is struck with the number of times that such frosts, or, at least 
considerable falls in temperature, occur in the first week in June. 
The cause of this relapse in temperature, and of its somewhat 
regular occurrence, has not, to the writer’s knowledge, been ex- 
plained. In the colder portion of the State where fruit growing is 
carried on at a risk, owing to spring frosts, this week in June is 
the most dangerous period of the season. It corresponds to the 
“Fismanner ” (ice-men) days of Germany, so-called because on 
the rath, 13th and 14th days of May, dates on which Pancratius, 
Servatius, and Bonifacius are honored, there usually occur abnor- 
mally cold nights which often do incalculable damage to fruits and 
tender vegetation. 
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It does not appear that much has ever been done in this State 
in the way of averting frosts. Truth is, not much can be done. 
Whitten’ has shown that injury from late spring frosts may some- 
times be averted by whitewashing trees, a process which delays 
blooming a short time —in some seasons long enough to prevent 
injury from a late spring frost. The reason for the retarding of 
the blossoms is that the operation covers the dark wood with white, 
a color which does not absorb so much of the heat of the sun. 
There seems to be no record in the reports under consideration of 
this having been tried in New York. I very greatly doubt, after 
having had some experience in whitewashing trees, whether in the 
average season it is worth while as a means of preventing injury 
from late frosts. Ina season of very bright sunshine, some benefit 
might accrue. It may be noted that the effect of spraying with 
lime and sulphur, or with bordeaux mixture, both of which give 
a light color to the wood, if applied at the right time, is to retard 
blossoming time. 

The influence of windbreaks in mitigating the effects of late 
spring frosts is a mooted question. From the experience of fruit 
growers in western New York, their value seems to depend largely 
upon the topography of the land. A windbreak dense enough and 
so situated as to prevent circulation of the air can only be detri- 
mental. So planted as to deflect or to cause air currents they 
become of value in keeping off frosts. More often than not, how- 
ever, we are told, they seriously check atmospheric drainage and the 
damage by frost is increased. Another disadvantage often spoken 
of is that, should the windbreak be to the north and of evergreens, © 
as is usually the case, the buds on the trees thus sheltered are 
forced and are therefore more liable to injury by late frosts. Of 
course this difficulty can be obviated somewhat by planting de- 
ciduous trees for the shelter, as these, coming in leaf in the spring, 
would not hasten the opening of blossoms. 

White-washing and windbreaks are inadequate to avert injury 
from frosts in this State. More and more the fruit-grower must 
come to realize that he must secure the greatest possible degree of 
immunity from frosts by selecting frost-free locations and frost- 
proof fruits. 

In choosing a site for an orchard both the climate of the locality 
and the climate of the plantation must be considered. In the first 
instance latitude, altitude and proximity to water are the chief de- 
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terminants. The table at the close of this topic giving the average 
dates of killing frosts at a number of stations in New York should 
be helpful in choosing a fruit region or locality. 

In the climate of a plantation the lay of the land is the governing 
factor. Every fruit plantation has a local climate varying in the 
different parts of the tract in accordance with the lay of the land. 
Low-lying spots show the greatest extremes — lowest temperature 
in cold weather and highest temperature in hot weather. Con- 
versely on the elevated portions of a tract the temperature is 
most equable — less cold in low temperatures, less hot in high tem- 
peratures. The direction of the slope of the ground causes varia- 
tion in the temperature probably because of the greater amount of 
heat absorbed from the sun by southerly slopes and because of the 
different exposures to prevailing winds. A slope also gives better 
air drainage than a level. These are well-known facts and yet they 
are not applied as often as they should be in planting orchards. 
The difference between high land and hollow, slope and plain, is 
often amply sufficient to account for the idiosyncrasies in frost 
injuries so often noted. 

Some fruit growers in the State claim to obtain a certain degree 
of immunity from frost through good air drainage secured by 


planting at a sufficient distance so that tops do not touch and by 


keeping the heads within bounds by pruning. 

Quite as essential as location in doing the little that can be done 
to avert frost injury is the selection of varieties. Some varieties 
of each of the several fruits blossom later than others and these 
are usually in least danger of frosts. The length of time during 
which different varieties are in blossom is worth considering though 
it varies considerably in accordance with the fruit, the variety, and 
most of all the weather. The table of blossoming dates, pages 452 
to 475, should be a fairly accurate guide as to these points. 

It is unfortunate that there are so few statements from fruit- 
growers or experimenters as to the comparative hardiness of 
varieties of the several fruits to frost. The only information in 
the discussions of frost injury in western New York is, that 
Wealthy, Fameuse and its seedling McIntosh, and Oldenburg, are 
less easily injured by frost than other apples which are blossoming 
at the same time. There are great variations in the blossoms of the 
varieties of all fruits and it must be that the flowers of some sorts 
are better adapted to withstand cold than are those of others. Thus 
a decidedly cup-shaped corolla must form some protection from 
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cold, as should sepals and petals of heavy texture, or sepals with 
much pubescence. It would seem that short pistils and stamens 
would be less easily injured by frost than would long ones because 
better protected. A careful study of the biology of blossoms ought 
to show that some varieties are much less easily injured at bloom- 
ing time by frost than others. 

The writer has given in a paper read before the New York 
State Fruit Growers’ Association in 1907 a list of peaches hardy 
and tender as regards frosts and a report of an investigation which 
shows that there is considerable difference in peaches as to sus- 
ceptibility to injury from frost.? 

Less easy to understand is the fact often reported that there is 
a difference in the individual trees of a variety as to the suscep- 
tibility to frost injury. We are forced to assume that the numer- 
ous trees of a variety vary in vitality and that those having most 
vitality are best able to withstand frost and low temperatures. Since 
the vitality of a tree is greatly influenced by the care it receives — 
pruning, cultivation, spraying and feeding, we may further assume 
that blossoms of trees well cared for, whereby thrifty, vigorous 
plants are produced, are less likely to be injured by frosts than 
those not well cared for. It may be laid down as a rule that a 
tree or a variety that ripens its wood well in the autumn, and 
stores up an abundance of plant food, will best endure frosts and 
trying weather conditions at flowering time. If the assumption 
should prove to be not well founded, certainly the treatment sug- 
gested is neither harmful nor a waste of energy. It is at least 
believable that a thrifty tree, covered with blossoms each giving off 
an appreciable amount of heat and moisture, should have more 
blossoms set fruit than a less vigorous tree with a less number of 
blossoms. 

Experiences in California and Florida in fighting frosts warrant 
the statement that much of the loss from light frosts in growing 
erapes and small fruits, at least, can be prevented. Indeed, there 
are seemingly no reasons why the losses from such frosts, con- 
sidered unavoidable in the tree-fruit orchards of New York, cannot 
be prevented as well as in the citrus orchards of California and 
Florida. 

In frost fighting the fruit-grower must keep in daily touch 
with the nearest Weather Bureau office. He should, too, be pro- 
vided with several simple instruments for determining the dew- 
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point, the temperature, and the motion of the air. Of the several 
methods used in protecting orchards against frosts, two commend 
themselves to the fruit-grower of this region; namely, one based 
on the warming of the air, and the other on the production of a 
dense cloud of smoke. 

Small fires placed at proper intervals have been found capable 
of raising the temperature of an orchard several degrees. Wire 
baskets several feet above ground holding coal or wood have been 
found the most efficient, though torches, oil pots, and other such 
devices have been used advantageously. From twenty to forty 
Gres [per acrevare- required: 

Smudging is cheaper but less effective, chiefly because the smoke 
is too often carried out of the orchard by winds. Prunings, straw, 
manure, litter of all kinds, tar and crude oil have been used for 
smudging. In the case of the first named materials the burning 
litter is moistened as it burns thus producing a dense, steamy 
smoke which acts as a screen to prevent loss of heat by radiation; 
the heat of the fire raises the temperature somewhat, and the 
smoke may also screen the plants from the sun in the early morn- 
ing. This method of frost-fighting is in use in some of the vine- 
yards of New York. | 

In concluding this topic it must be said that methods of fighting 
frosts are still uncertain and in the experimental stage — especially 
in New York. The several proprietary compositions for burning, 
and the devices for making and distributing smoke, manufactured 
in European countries, but now being offered in America, have 
not been thoroughly tried in this country, and since tests seem to 
show them of doubtful utility abroad, both because of lack of 
efficiency and cost, they may well be left alone for the present in 
this State. 

The importance of the average date of the last killing frost in 
spring to the fruit-grower, has been noted. Table II gives this 
information for New York. The records of killing frosts in 96 
‘stations in the State were used, and for the years 1897 to 1906 
inclusive, in preparing the table. 

By killing frost is meant one which causes the death of the 
tender vegetation of the plants ordinarily cultivated in the region 
under discussion. It is generally considered by phenologists that 
the last killing frost more than any other weather event, character- 
izes the advent of spring. Consideration will show that the fruit- 
grower as well as the phenologist must accept the last frost as 
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heralding the season when buds may swell and blossoms burst 
forth. 

Table II brings out several. points of interest. It shows, beside 
the main point of average date: (1) How profoundly altitude and 
proximity to large bodies of water influence spring frosts. (2) The 
great range in time of killing frosts in different parts of the State. 
(3) That if blossoming dates are known, the limits of the growth 
of any fruit as to climate, can be told. (4) The average date of 
the advent of spring in the various localities. (5) That spring is two 
months in passing from the southern to the northern boundary, 
and from the valleys to the hill tops of New York.. 

In using the table it must be remembered that the time elapsing 
between the date of killing frosts on the average, and that date in 
any One year, may vary greatly. Thus in the ten-year period we 
are considering, frosts have occurred at Geneva as late as May 11 
(in 1902); and the latest frost has fallen as early as April 9 (in 
1898), giving a range from the average of 12 days in the first 
instance and of 32 days in the second. Allowances must be made, 
too, for local topographical features which are, as we have seen, 
quite as important oftentimes as the more general land features. 
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Taste I].— Dates oF Last Kititinc Frosts 1n New YorK FROM 1897 TO 
1906 INCLUSIVE. 




















STATIONS. County. Earliest. Latest. - | Average. 

- 4 

PIA SoBe Aches cats Stewuhenis. ac capes April 9, 1898 | May 22,1897 | May 3 
Albans oe ki tes eee Albany. weet eae ek April 9,1898 | May 11, 1902 | April 23: 
Jails soles Ce ne ee ELPIGK HAs ee Ria ee April 20,1901 | May 15,1902 | May 1 
Alfred els Siete © OP. et ATlep ary... « mteauee teh i April 18,1899 | June 22,1897 | May 14 
ADSI CHS oo. tuys oh aed Allegarivts sa cud fpttee | May 9,1898 | June 21,1897 | May 23 
Appleton st:s foe.ae bk 4. Niagaraa is eeee aes April 17, 1899 | May 11,1902 | Apri 30 
ArCatet na. ati «Seen Wyoming cm ie see “ April 17, 1899 | July 11,1898 | May 25 
Atlanta se sec Abn wee PR Stetibenst | STP Aisne | April 27,1901 | May 31,1903 | May 17 
Act Dita oteas eae kore ae Cayitiaed seed eee April 22,1904 | May 15,1899 | May 1 
DEVO eset oe ee wan b | LLavingeton.). ACR, J April 20,1901 | May 31,1903 | May 14 
Baldwinswville... «. «..he- Onondara .. usa.58 eon April 11, 1899 | May 14,1902 | April 26 
Beaters. Civ ORL: Westchester...... ..| April 13, 1901 | May 29, 1900 | April 30 
Binehamton’..j.icieos cee Broome osu atone April 13, 1898 | May 22,1897 | April 30 
Bolivar eet. bitin ce Alleramy OF. .Ciok (ak May 12,1904 | June 16, 1898 | May 30 
Bouckyiwlere ene. sateen MadisOtickw., saan April 3,1898 | May 24,1905 | May 4 
Brockporthit), tao. s08 Monroéth. S00: 2. x: April 19, 1901 | May 11,1902 | April 30 
Joxehadel (open. y Seer, SEO te, Priet eaten. ee April 4,1899 | May 6, 1898 | April 23 
Galdwelliyl..2hGI68 OR LW aanerr yy. Fe. Shades April 23, 1904 | May 14,1902 | May 3 
Ganasoharie 4, me ok. ae Montgomery... Sona. April 4,1898 | May 30,1902 | May 7 
GCantonvaL ta fs: AES er. St. Lawrence........| April 27, 1901 | June 11, 1902 | May 13 
CES rental Woap oe Sey eran tees Putnam, pate ae Mar. 31,1901 | May 10, 1902 | April 22 
Carwvers'Fallsiil. aVS2..82 Washinéton-1o vs - S: April 23, 1904 | May 25, 1903 | May 13 
Satchel mah ear eee ce Greene. ct wee Lee April 11, 1899 | April 22,1897 | April 13 
CédanlHiltith J 2rerry 2% Aipanty f°: APSO 3 April 6,1898 | May 12,1902 | April 25 
Gooperstowii ia) aa Oftsegont yes aan = eae April 17,1901 | May 22,1897 | May 15 
Omtinnds Tht: . 98h .2 8. Cortland...........|/ May 9,1898 | June 6, 1902 | May 18 
Gutcko tues soe eet eae SUOLES scone ee ows Mar. 31,1901 | May 10,1900 | April 19 
Ribs et TERA Tic hete.t Genésee S00 28501. ; April 20,1901 | May 11,1902 | May 1 
lDikeaieg: See) yee sR ie RN By kSvnoybhatey yey hin es April 5, 1898 | May 17, 1899 | April 29 
MAVette valle. 2 ticks seer Onondaga) see May 2,1905 | May 31, 1903 | May 15 
rankhnville. 05 someon Cattarativuse cs eee April 28, 1898 | June 10,1901 | May 22 
Genevarnts Suc. anes Ontariow. w. cases April 9,1898 | May 11,1902 | April 23 
lene alls eae een g Warrenen fas, eee April 12,,1901. | May 25,.1903))2Mayar a 
Gicversvillel tee iti eke Halton ss serene April 23, 1904 | May 31,1902 | May 6 
GreemwiChineineehc. Washington... ia. 4.6 April 23, 1904 | May 21,1902 | May 7 
Gritin Comers as eee Delawartes:4 fea. May 12,1904 | May 25,1903 | May 19 
Hemlock Laken. sas we Ibthighoyecinorals sesh) ee oe April 13, 1901 | May 10, 1902 | April 29 
Honeymead Brook..... Dutchess’ fee elo April 18,1901 | May 10,1902 | May 2 
Humphrey s0\. wslv. 2 ap... tCebeagatrie. omens April 28, 1898 | May 29,1902 | May 16 
Indianulalker taeene . oe Hamilton. ee oe May 16,1901 | June 12,1904 | June 2 
dh Ver: olen eee eee gk mae sLompkins. tes eee April 12, 1901 | May 10, 1902 | April 30 
Hamme Stowers knees Chautaudua ss. .so.: April 21,1901 | May 29,1902 | May §$ 
Keene Vallevisc. « sess HSSER heietont Owmem ee ts) April 5, 1898 | June 11,1902 | May 10 
Labertiveet. Awe ee Sidlrvan Ie. Vee eee April 6,1898 | May 16,1902 | May 1 
LittletMatiss abet a2 Herkimeérs die sate April 12,1901 | May 15,1899 | May 1 
lnockpnoriee eta. wey oa lee Niagara cee Seer April 9,1898 | May 11, 1902 | April 23: 
TE OMEVANE cost ale. cours cheat lille CVVES Want nays eee ee April 27, 1901 | May 22,1897 | May 8 
LECTINS tier ca Tek Seen aan Waynenass. sateen nh April 8, 1898 | May 11,1902 | April 21 
MiGGletOwi. ona ation Orange... oe eee April 1,1902 | May 2,1903 | April 11 
Mohopks Take... 25.0.4. Ulster conan ceca April 3,1901 | May 10,1902 | April 20 
MOST... 6 oaks euante a eet. rani) ieee ier oc April 23, 1904 | May 25,1903 | May 11 
New Lishboms ay Le sie Otsegd:. Py Gate ee May 8, 1897 | June 11; 1899 | May 22 
NGway Ork..t on eae New -York..... ..ee! Mar. 16, 1905 | April 20, 1904 | April 5 
North) Hammond...) 79): Stila wrencess 4. .ee April 19, 1898 | May 25,1903 | May 1 
MGimbershour ye soe ec. LEWIS. te ane oe May 2,1903 | June 10,1901 | May 18 
Niividasurhicscu seer. . 5% Livingston... 3; a6. April 17, 1899 | May 21,1902 | May 6 
Ogdensbure..y seme oe St. Lawrence......+- April 9,1898 | May 21.1897 | April 28 
Oneonitax. eae cone Otsego. Msi ee April 17, 1901 | May 21,1902 | May 7 
LIGWERGG Vi rato baek Soe Oswego............| April 6, 1903 | May 10, 1902 | April 21 
Osttogd ¢ stan. ao eee Chenaneo Pawn... May 2,1905 | May 21,1902 | May 11 
Cyster_ Day. .1.. shane: INGISS atte hectic ees April 20,1905 | May 38,1903 | April-24 
Palénm0o tail) ee ae wen Oswegontil,.<ie..% April 13, 1901 | May 16,1899 | May 4 
Penny Vai... Gh + teks w 2 Y Rbee Te ius Se se April 9,1901 | May 15,1899 | May 3 
Basry, Citys taut tek. pchuyleriare® oh May 2,1903 | June 16,1898 | May 20: 
Eintrag ang. oes Clinton #2 naire kee April 19, 1898 | June 23, 1899 | May 19 
Port Jervit aise k «wnat ac rant esc tae ee....| April 17,1901 | May 10, 1900 | April 29 
POUR ANE ian wales Gian cs bt. AWrence es. tek April 23, 1904 | May 25,1903 | May 6 
Poughkeepsie.......... Dutch=ss< f.919. aoe April 22,1899 | May 9,1898 | May 3 
EADS OSE is su x eet Westchester. ...4.... April 9, 1898 | May 11, 1900 | April 24 
Richmond ville<- oes $ sei. Schoharie...........| April 23,1904 | May 21,1902 |.May 6 
RIgeeway. «chy bea: ONIGARE. 6%. ieee on es | April 17,1899 | May 26,1897 | May 1 
Rechéater sia. alec she Monroe. 5. cree ue te ' Mar. 29,1901 | May 11, 1902 | April 20 
HERO PG aeteee icin ie eee nae Oneidae7 tees ' April 13, 1898 | May 29,1902 ' May 7 
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Taste IL— (Centinued.) 





STATIONS. 


RGTOIUUSE Aes cy. doers ty. «; 
mmaALAMAC CAKE ccs. sls 
 waraboga oprings.?, ....! 
BICTICTICCUACY «oye. cs cnn. 
RUA KEt Wayne eee pee 


Sotithamptons: tialay. ow. 
HOw Ganisted... ce... 
PAGUb HE WOLtrieht 1... va. 
SoOuch -ooOurootle -. 4: 2 8S: 
sole titialisis. . ckesaletys tice 


Raibtattes COTNeTS. + . 


OTACUISEHS wider...) sccch « 
iponderOga ss 6s cc. 
WOES EN Eee iat hemes Perens 
Wappingers Falls...... 

Watertown osu i Jel. = 
Wraverivin 2:32.08 oeials 


Wells es te BAS 


County. 








SENECA MO haste: Sect 


DabatOca swe oboe ees 
DCHETGC UAC Y wee in ree 
ONE Brat ea Caps Nene 


ESSEX Ey ee ns tie oie 
Saratoga..... 


Tioga seen | Mee se ee 


Onondagan tn. 45% 4 5. 
Fissex! a2 2104, & 2) 44!; 
Chawtaudtar 15 sve 
Watehesss cece ee 


WC invlermens i Abed oo 


bee Nahi Rye a oer Gave 
(Chatitaticndanies late ki. 
(TECHOYS Mes oct eee 








Earliest. 


May 2, 1903 
May 3, 1899 
April 13, 1901 
May 11, 1900 
Mar. 31, 1901 
April 20, 1901 
Mar. 31, 1901 
May 2, 1903 
May 12, 1904 
April 23, 1904 
April 24, 1904 
April 4, 1904 
April 22, 1905 
April 6, 1898 
April 21, 1901 
April 13, 1901 
April 17, 1899 
May 2, 1903 
April 20, 1901 
May 2, 1904 
April 19, 1899 
April 17, 1899 
April 23, 1904 














425 

Latest. Average. 
May 26,1897 |:-May 12 
June 11,1902 | May 19 
May 16, 1902 | April 30 
May 15,1899 | May 13 
May 27,1902 | April 17 
May 31,1903 | May 6 
May 26,1903 | April 20 
June 16,1898 | May 22 
June 11,1899 | May 26 
May 29,1902 | May 16 
May 2,1905 | April 29 
July 12,1898 | May 21 
May 2,1903 | April 25 
May 24, 1903 | April 29 
May 11,1902 | May 1 
May 11, 1900 | April 25 
July 11,1898 | May 9 
May 29,1902 | May 15 
May 22,1898 | May 5 
June 9,1902 | May 23 
June 5,1903 | May’ 8 
May 77,1900 | April 27 
May 31.1903 | May 18 











RAIN AND FRUIT-SETTING. 


Wet weather is reported to have almost wholly prevented the 
setting of fruit in the years 1881, 1882, 1883, 1886, 1890, 1892 


and 1901. 


Rain is mentioned as one of the causes of a poor setting of 
fruit in the years 1888, 1889, 1891, 1893, 1894, 1898, 1905. 

Of the seasons given above, moisture came at blossoming time 
in the form of snow in 1889 and in 1801. 

Gales of wind accompanied the rain in 1881, 1882, 1883 and 


1905. 


The rainfall came in periods of prolonged cold weather in the 


years 1881, 
1898, 1905. 


In 1890 the rainy weather was hot and sultry. 


1882, 


1883, 1886, 


1888, 


1889, 


1891, 


1892, 


1894, 


Frosts and cold weather accompanied the rains in 1888, 1889, 


1890, 1891, and 1802. 


heat and cold’ accompanied the rains in 1890. 

As in the case of frosts there are cycles of years of wetness. 
Thus, it rained with the destuction of blossoms in the period of the 
years 1881 to 1883, and in the longer period of seven years, begin- 
ning with 1888 and ending with 1894. 

If we consider the above summary in connection with the more 
detailed accounts in the reports quoted we must conclude that rain 
and the cold and wind that usually accompany it at blossoming time, 


As will be observed, the two extremes of 
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cause the loss of more fruit than any other of the climatal agencies. 
The damage is done in several ways. The most obvious injury, 
and the one most often noticed by fruit growers, is the washing 
of the pollen from the anthers. The secretion on the stigmas, so 
essential to the proper germination of the pollen, also is often 
washed away or becomes so diluted that the pollen does not germi- 
nate. It is probable that the chill of rainy weather decreases the 
vitality of the pollen and an excess of moisture often causes pollen 
grains to swell and burst, thereby destroying their vitality. Quite 
as important as any of the above considerations, possibly more 
so, is the fact that rain prevents bees and insects from carrying 
pollen and must effectually prevent its distribution by wind, if wind 
doe distribute the pollen of fruits. 

Weather conditions, and especially rain and a humid atmosphere, 
have much to do with the development of parasitic fungi. A wet 
May in New York brings an abundance of fungi of several species, 
which may destroy or injure blossoms and prevent the setting of 
fruit. Whule rain is the chief weather condition, it is not the only 
one that must be taken into consideration in this connection. With 
some fungi heat is a strong factor and with others, cold. Cloudy 
weather, too, or a humid atmosphere without rain will give favor- 
ing conditions for the growth of fungi. 

In the long continued cold, rainy weather during the blooming 
time of 1907, there was an excellent opportunity to observe the be- 
havior of blossoms on the Station grounds. Not only did such 
weather hinder the transferrence of pollen, but the pollen did not 
form in the anthers in normal quantities and was not expelled from 
them. The secretion in the stigmas seemed diluted and watery, 
so that the pollen grains, either because of such dilution, or in con- 
sequence of the cold, or because of both, did not germinate properly. 

If as Ewert! holds, pollination is not absolutely necessary for 
some varieties of apples and pears it is still true that cold, rainy 
weather is most unfavorable for the setting of these apples quite 
eside from its effects in preventing the impregnation of the ovary. 
Such weather prevents the development of the young fruits whether 
fertilized or unfertilized. In the latter case the young fruits do 
not have the stimulus of an impregnated ovary to assist in over- 
coming the deleterious effects of the unfavorable weather. 

The average rainfall for May in the different parts of New 


7 Ewert. Blutenbiologie und Tragharkeit unserer Obstbatime. Landw. Jahrb., 
35: 258-287, pls. 2, 1906. 
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York for the ten years from 1897 to 1906, is shown in Table III. 
A study of the table shows that the amount of rainfall is increased 
by proximity to large bodies of water, as the ocean and the Great 
Lakes, and in accordance with the topography of the State. 
Marked increase is found in the highlands of the State; and ranges 
of hills or mountains which run at right angles to the direction of 
rainbearing winds, as those of the hill ranges of the southeastern 
counties, give a copious rainfall on the windward side of the obstruc- 
tion. Where the land rises abruptly about the Great Lakes, too, 
the amount of precipitation is considerably increased. There is 
a marked deficiency in the May rainfall in the depression of the 
Central Lakes and in some of the river valleys, notably the valley 
of the Susquehanna, probably because of surrounding highlands 
which obstruct the passage of rainclouds. May is a wet month in 
New York, yet the total downfall is not great. The rains, however, 
are frequent or long continued and usually accompanied by cold, 
and in these conditions lies the power to injure blossems. 

The average rainfall in May for all of the weather stations in 
New York for ten years was, from data in Table III, 3.06 inches. 
For the leading fruit counties, it is: Erie, 2.68; Niagara, 2.32; 
Onondaga, 2.56; Monroe, 2.12; Genesee, 2.56; Dutchess, 3.86; 
Chautauqua, 3.52; Wayne, 2.43; Yates, 2.16; Orleans, 2.65 ; Ontario, 
2.46. It is interesting to note that for nine out of the eleven coun- 
ties named above the average is considerably below that of the State. 
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Taste JJI.— RAINFALL FOR May tn New YorK FROM 1897 TO 1906 





INCLUSIVE. 
STATION. County. Maximu:n. | Minimum. |Average. 
Ins. Ins. Ins. 
WVOCISOR SA fe oe ones Steuben. steak ie ate 4.94-1901 1.78-1905 Seo 
Albany, Sachs dala ath a Alba niya as eee ce Ba a 4,79-1901 0.96-1905 2.62 
ARN etic cite como tie a seek t let true oie: ee Come ae 4.49-1901 1.51-1903 3.04 
Alfecdets te. tte ne Allegany 4, Pah ee. es 5.88-1901 3.07-1899 3.44 
[Angeliicn none rae Alltezanty tos eee ae een 5.23-1901 1.16-1903 342 
Applcton. 228 ch} ) a ase Niagara cts. fia ae 3.78-1905 1.05-1900 Pts! 
PASCAUC. Be eee eten es ee Wyoming 4.92-1899 1.63-1903 Son 
Atlantas. 299 ~tie ee Steuben e™ ee beupuae ee 5.97-1901 1.16-1903 Suwa 
Apart eg ee ee Cayuga (AR AS . Fal voter 1906 0. 74-1903 3.40 
Avon Bo ae oe ae, hivinsston 4. ese » 3.94-1904 0.45-1903 PED N t 
Baldwinsville or A Onondagatt tats ke ae 3.98-1902 0.50-1903 2.5 
Bedkord. 2 oh ta Bt baeet Westchéster.-0..i 27. < 9.83-1897 0. 24-1903 4.84 
Bing nants s.ctees ee ee Broome’. : 2 5 Bei, we 5.49-1901 0.42-1903 2.738 
Bolivat >. #28 9.2 cit ale. Allegany eeu. «eae sees 4.93-1901 1.61-1905 Pa as 
Bouckvilles 24... these Madison} oft da erodes 5.79-1901 0.00-1903 3.19 
IBLOCK DOT Se te al ae ee MoprOGs enor ees 4.02-1901 0.82-1903 2.16 
Buftaloz ise, Fee, 78.22. EXTIe... jet es hotel a et 3.28-1901 1. 22-1900 2.02 
Caldwell. 45. 5 Shite Wearren..5 9 anche he tee 4.57-1901 0.29-1903 2.36 
Canajokariesi.2ci 45 A. Montgomery sl... 6). his). 5. 10-1901 0.07-1903 28k 
Canton tes teks ese Die Law remee. waccekan ae 5.77-1901 2.69-1898 3.03 
Carmel?. 40. 42 JG Putuanpited. as. 222 7.49-1901 1.68-1899 4.43 
Carvers Palisee 2. i.e Washington sien cease 4.81-1901 0.05-1903 2220 
Catskilt 2560 2. ane trot reene sth OF LAGE } 5.81-1897 2.12-1899 4.06 
Cedarrliniivieis. cies. as. Albany et ha eer ee 5.27-1901 0.47-1903 3.79 
Cooperstown: 2. .Adiispo et Otsegas).. 65.408 ik 7.35-1906 0.17-—1903 3.74 
Cortland. <s% (34,5. dete 4 Coxtlanidhit:: See eee 5.73-1906 0.30-1903 oaks 
Cutchogue. “ht. a b.k Suffolk. SiH). es oe. 7.31-1901 0.84-1902 eee 
elie LEN ei os tn Bis ae Genesee, . Oi ei irace 5.13-1901 1.19-1903 2.56 
Elmiram 0 (6 S8E 4k... Chefitting. “set ob 49 5.56-1897 1.43-1900 3.41 
Fayettevilletes. ies. ‘2 Je Onondaga ..¢ as aot. oe 3.97-1902 0. 22-1903 2.66 
Proankimvilles fics tisk. a: Cattaraugus oes.) ek 4.94-1901 1.91-1900 3.44 
Geneva sieun chia: Ooh te Ontario. yh St ees e: 4.24-1906 0. 23-1903 2.46 
GlenstHalis .).; 70.2 Lan Warren? © . pate y. 3c 5.83-1906 0.27-1903 2.59 
Giloversvilleiy, vpn he Seek Fulton iti. bis ak eee 6.45-1898 0.16—-1903 ovao 
Greenmach' (57525. 5431 .t¢ Washington west. fased ; 6.13-1906 0.57-1903 Be PA 
GriffincCormers<.j9 6 ae Delawares ti... tabe re 5.47-1901 0.30-1903 2.473 
Hentlock Lake tay tert LUV INEStOINS ths hse ey ole 4.55-1904 0.53-1903 2.86, 
Honeymead Brook....... Dutehess 426.4 eee oe 7.14-1898 1.20—1903 3.69 
TUM. DULeYV.. ee ee ee aes Cattaraucusra reas 4.97-1901 3.13-1900 4.01 
indian-Lakes- ay van pene Hamilton.) ae. oe 4.88-1906 0.21-1903 2.85 
Mb RAGCA. sieve 2 hneke ve Sue micas ‘TOMPKINS Woe eee re 4.64-1904 0.30—-1903 2.96 
a lee atiyey eee Mae 5 eas Chattauaquay i. (eek 6.77-1904 1.95-1900 3.64 
CEne VAUEY sc. sete ace EVSSOK SF vrsia Atel oie eT 5.72-1901 0.02-1903 2.60 
LAberty:. ti. biece cee Sullivanern tomers ae 7.98-1898 0.44-1903 mde 4! I 
BAGEL R ANS oon tn ae oe Rlerkiimeraen «eit: ace we 5.66-1901 0: 06-1903 3.28 
Dears, wetop grater SPO a ge Niagara en. aan eee 3.27-1901 1.30-1899 2t27, 
POW WIC Bac sect Sr cee eae ys CWISE AM 5 Ritts Serer oxen 4 . 23-1906 0.67-1903 3.04 
LEVOUSE ee bine ass ‘Waynes as oe re eed 3.57-1898 0.15-1903 2.43 
MWMiddletownls. ade. oe ee Orange. heise eee 6.90-1901 0.34-1903 Bao 
Mohonkeuakesn, eae: Wisterakce ees aie eee 8.75-1901 0.88-1903 S.te 
INIOITAS oe cee Ronee Firanicliti ee ieecwete: Cel mati 4.30-1900 0.05-1903 2.89 
INGWLIASDON ea 4s Otsego shee. ten nese 5.85-1906 0.25-1903 Seoc 
INGWaN Orkin. oe eo New VOrk (pe etce res 7.01-1901 0.33-1903 3.20 
North Hammond......... St. LaWwrenCe ss. oh 4.46-1901 0.16-1903 8.05 
Niimberi Donte cet 2 WEWiS te ce Rt cre ie 4.40-1905 0.45-1903 3.34 
IN india Se ak Livingston 36a eee 5.67-1901 0.56-1903 3.64 
Ogdensburesiere 6. oes ee Sor LaAWwrenceseee 5.23-1901 0.17-1903 2.47 
Oneonta 2. oo re ee OSES Ore tha eeroee ee 7.42-1897 0.36-1903 3.34 
Oswero.. Peers OSWEZOn so eee 4.14-1898 0.32-1903 2th 
OE Or aa: netee ar she ets Chetianeor c+.) 7.69-1901 0.42-1903 3.615 
Oysters aay sen hte ces INASSAWE Sins ca reaae ore 3.53-1906 0.40—-1903 *2.20 
Palecmoe Sie oe ee OSwePow Ace sae 8 ee 4.10-1898 0.34-1903 2.25 
Pens (Vanes aes ee AVALOS 1, sath nee ars 4.44-1901 0.30-1903 2216 
Pesy Gity yo ei ed Sch viers- om eee 5.61-1904 0.72-1903 3.11 
Platishure. 2 ee Clinton. a Sek eee 4.38-1901 0.00-1903 2.53 
Port Jervis ct. 43 eee Orange nen. a, eo Oe eee 7.15-1898 1.00-1903 3.93 
Potedanvs. ch oe eee St. Lawrence, ..2. 4006 3 .32-1905 0.18-1903 2.28 
Poughkeepsie............ DahChess.. ee Buvas eer 4.74-1898 1.27-1899 3.19 
PTIMCOSE! FA Pe ee Westchester. 7.91-1898 0.78-1903 4.33 
Richmomdville........... Sohoharies, ace eee 5 .22-1901 0. 22-1903 2200 
RAS eWay so onsen OTSA JattGcoke ibe kare 4.66-1901 1.14-1903 2.65 
Rochestér’)..6 6. eee Motinoes, %. cig. er ae | 3-86-1904 0.53-1993 2.09 
Rom C038 ohne. Sebs ee ee Opetday takers ee eee 5.56-1901 0.03-1903 vas 
Reomatilus s.r ee OeMeCe .. yaar eee 5.37-1901 0.25-1903 ool 
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Tasie III.— (Continued.) 








STATION. County. Maximum, Minimum. | Average. 
Ins. Ins. Ins. 

MAGANACHUAKE srs oie -'e,b eles Brankiine cane ston hae 4.31-1901 0.01-1903; } 2.79 
HaratOga OPTINGS,) 0 ove... SATavO’ ae ssceacgs Aaa Ca 4.97-1901 0.44-1903. 2.56 
MCHENECHAGY-, luci. avce oche.s ois Schenéctady..« .1 stom 6.11-1901 1.92-—1900 } 3.73 
Beraukete ere. tus. cores @ he SCUTOl Ke wee can euie trie areysns 8.30-1898 0.50—-1903. 3.81 
SAAR EATUIG ccc car wier ».s\'s 3 5 16h 0d OAUATICE. etre ate 5 ts 4.11-1906 0.29-1903. | 2.56 
SOME MALI CON ed herck ous cueenr SUOl Ria ra aerate. 7.95-1906 0.80-1902 3.46 
SOUL CANISCEO acho victors ak SteatDermysrr-repeike meres 5.15-1901 1.52-1905. } 3.21 
SOUGH OLthi@ut. 0.142. > oy. Delawarecrtsc.u cc.ets 5.33-1897 0. 25-1903. 2.81 
WOMEN SCHOO shirts 6. oF SSE Rts SCANS cats he tees 5.03-1901 0.10-1903 | 2.75 
SADE T MITA Soares ase ages aohede vas Sard tog@annw eats busses 5.55-1906 0.44-1903. | Zio 
MiLalese COMNELS 4 ttron tae e CLIO Rar Meme eee etee s tree 4.48-1901 0.17-1903. | 2.893 
SER CRISCE ee niee. or Vee oe ene 4 Onondagar.. sy. tasws 3.48-1904 0.28-1903 2.27 
MCOMGETORS, nate esters ister ces cle ESSEX AS tL See cash ee 4.06-1901 0.52-1903. Balt 
WIOIASSIA coweeee Be SNF, 0S, osc 0 5s Chamtaugwane meat .< 5.07-1899 1.47-1903 3.30: 
Wappingers Falls......... Dutchess n%./ Mahe 7.65-1898 1.84-1905 4.71 
WGCTLO Wale oe ee oe eMOLSON ies ccichs spear. wus 4.38-1906 0.49-1903. 3.24 
Waverly... .0...1..0 0... Sibel Whale hate 5.96-1901 | 0.76-1903 3.02 
WiedGewoods \... 2. ss vee PB OCIIT VIEL erat Seared sks 5.31-1904 0.87-1903 3.23 
eRe ete: Sie fas, vipa asa 2 PELamaitomh: wi. ee Aeyeee ie 4.59-1901 | 0.09-1903 2.63 
MESPEDeINe i. a PUD SIT Ve tie toe oa a, « 5.47-1901 0.22-1903 2.69 
Westheld arise S 2. odd: Ghautaugua Gala hier: 4.30-1899 2.44-1900 3.63 
VUENCUMA TIS obs setae 8, Greene pa. we tan kod: 5.30-1896 0.92-1903 2.85 











a | 


* From data of four years only. 


L 


TEMPERATURE AND THE SETTING OF FRUIT. 


It is impossible to disassociate cold with frost and rain from 
cold weather unaccompanied by either of these phenomena, since a 
temperature low enough to be harmful to blossoms is usually asso- 
ciated with one or the other. Except where otherwise mentioned 
in the summaries regarding rain and frost it may be assumed that 
these elements were accompanied by cold. But it must be under- 
stood that a low temperature, even though it does not touch the 
frost point, nor is accompanied by rain, is often disastrous to the 
setting fruit. The injurious effect is probably due to the preven- 
tion of the growth of the pollen tube. 

There is no definite information, so far as the writer knows, as 
to what is the minimum temperature for the germination of pollen 
of the different fruits under natural conditions. Mr. N. O. Booth, 
Assistant Horticulturist at this Station, who has had much experi- 
ence in germinating pollen in the laboratory, says, roughly speaking, 
that the pollen of our several fruits germinates best indoors with 
a temperature cf from 60°-70° F.; that it makes a feeble grawth 
from 50°-60° ; and does not grow as a rule, at a lower temperature 
than 50°. As would be expected there is some variation with the 
several fruits. 

A period of cold weather seriously checks the development of 
fruit blossoms and even after the advent of warm weather the 
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blossoms are at a standstill for a time, seeming to have been checked 
in their power to grow by the chill. The evil effects of cold are 
greatly magnified when accompanied by rain. No condition of 
spring-time weather is as harmful to blossoms, except a killing frost, 
as a prolonged cold rain. 

It is quite probable that hot weather also occasionally injures 
fruit blossoms, both by preventing the germination of the pollen, 
by acting directly on the pollen tube or by drying up the secretion 
of the stigma, or by “blasting” the blossom through too rapid 
growth. There is, in all probability, then, a certain range of tem- 
perature necessary for the best fecundation of fruit blossoms, though 
unfortunately there seems to have been no careful field work to 
determine either the maximum or the minimum temperatures for 
the process as it occurs at its best. | 

There seem to be no statements from direct experiments as to 
the comparative effects of high and low temperature on the sexes 
in blossoms but my own observation is that the stamens are more 
sensitive to heat or cold than the pistils. In 1901 while working 
with students in cross-pollination experiments it was found that the 
stamens of several varieties of apples and pears, after a wave 
ef exceptionally hot weather, had developed much more rapidly 
than had the pistils, and that the anthers were bursting with 
pollen, while the stigmas were not yet receptive. The pollen was 
scattered before the stigmas became receptive. Normally, with 
the varieties observed, the stigmas matured with or somewhat be- 
fore the anthers. Such observations as I have been able to make 
in the years since 1901 have convinced me of the correctness of the 
cbservation, for apple and pear fruits at least. Stamens seem to 
develop least rapidly in cold and, as with heat, are seemingly most 
affected by it; though the pistils are more easily injured by frosts. 
After a light frost it will almost invariably be found that many or 
all of the pistils are destroyed or badly injured while the stamens 
may be uninjured or may show but little damage. 

In the current discussions of cross-pollination it is held that in 
some species and their varieties the stamens mature either before or 
after the stigmas become receptive, as the case may be. This is 
supposed to characterize the species or the variety. But it may be 
that the stamens will mature first one season and the pistils first 
another, according as to whether the weather is cool, temperate, or 
warm. This phase is one that deserves close attention from students 
of blossom biology. 
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Tha daily range in temperature—The average daily range in 
temperature is an important constituent of blooming-time weather. 
When the daily range is highest the danger to blossoms is greatest. 
The most jeopardizing weather to the fruit crop, from the stand- 
point of temperature, consists of warm, sunny days, followed by still, 
cloudless, cold nights. The danger is all the greater in such stresses 
of weather because the heat of the day forces out the blossoms 
prematurely. Orchards on eastern or southern’ slopes or in sunny 
hollows are most endangered by such weather; for, in the case of 
the slopes, the early morning sun contributes to the frost injury, 
and in the case of the hollows cold air flows in from the surround- 
ing higher ground and in the quiet of the hollow the temperature 
may sink several degrees below that of the higher ground; in both 
cases blossoms open prematurely. 

Table IV shows the mean temperature for the month of May 
in New York and the maximum, minimum and greatest daily range 
of temperature for this month. All data are averages from the 
ten-year period under consideration and for the 96 weather sta- 
tions of the State. 
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TaBltE ITV.— MEAN AND EXTREMk TEMPERATURES AND AVERAGE GREATESI 
DAtLy RANGE FOR THE MontH or May 1N NEw York, FROM 1897 
TO 1906 INCLUSIVE. 








| : Greatest 
STATION. County. Maximum. Minimum. Mean. daily 
range.’ 
bo Ge ae a ea ee a 
Degs. Year. Degs. Year.| \ Degs. Degs. 
A. didison-n yeas tats ua. Steubermet. terwaee 59.4 1900 | 55.5 1897 57.8 44 
Albany oases ts. ee Albany! tie. An. 62.6 1904 | 57.0 1902 59.3 34 
Alden 20 cscPh sso Dig toe er Re Reh ot ae 597 Gin 903 |eooL onl 902 Oo7al aif 
Alfred i. S7te. tsk. 2 Alleganiy f.2.47..42 33 55.7 11900%} °52.5:51897 54.6 39 
Angehca: stents twasuk AdMegany ss to; net. 512481904 6225 al S97 Dae 46- 
Appleton 4% 2a. es Nia Gara hasnt. Wad Melee 56.4 1904 | 53.6 1901 54.8 40: 
Ascadekiaa 0 keene Wivonling, (aes HOLO Ge 1 SOUs BDza loon 54.6 42 
Atianta: shoe. ark Stetiben We Also). 56.7 1904 | 54.0 1902 55.6 44 
Jalal yibeah Sy ie ee, ele mee Capigan iiiaee Bevt 60.6 1903 | 56.2 1902 Haye 39: 
ANOIS o aati. ot tas Livingston... J.) . 7/5 58.5 51904') 54.76, 1902 56.6 42 
cbc Sivilie sce pemien te Onoda vanes see 60.3 1904 | 56.4 1902 58.1 38 
IBEedrord 4: Len ek ee Westchester....... 61.6 1904 | 56.0 1898 58.4 36 
Binghamtones. dacs IBLOOME Heya 59.6 1904 } 55.0 1902 Dee 38 
IDOL Vato Tr ee ee Ole any tee oan 56.6 1904 | 52.8 1897 54.9 49 
Bouck ville ae eee Madisanga.e ene 59.0 1904 | 52.0 1905 55.0 38 
Brockport tense bite < Monroe. 6 et has. 60.3 1904 | 55.8 1902 54-5 39 
ishehoesiiehs Ge Lewes eee ee Mee lowe ls, Sih ees ae 60.4 1903 | 53.5 1906 55.0 30: 
Caldwellsil a: kb ta tee Warren (7titrer et: 59.9 1904 | 53.5 1900 56.4 39° 
Canajouarienee mae Montgomery...... 59.4 1904 | 54.2 1902 57.0 40: 
Cantonese k 29 R45 St. Lawrence...... 56.7 1898 | 51.9 1900 54.5 38. 
CAasiniGls eaten tone ira chirnteuanlnt, Sleess = 8 61.7 1904 | 55:8 ~1905 59.1 Bes 
Garvere Palle) ss. C1. Washineton ees. 59.0 1904 | 52.5 1902 55.6 42 
Catskall eye pe er oe oe Greéne .. i454 aatres 58.8 1899 | 57.0 1898 syela | 394 
Cedarsrlille tiv ante aes A Dany eee eee 60.8 1903 | 57.0 1902 59.0 41 
Cooperstown........ Oteern Jin aes oe DGeSis L004 eo? so eoue 54.7 36 
Cortland. -son en oe Cortland 2252 en OO re” EL LO04el 64 let S97, 56.9 40: 
Cutehopies ante ae aoe Sufrolicw. ewe ees 60.4 1903 | 54.8 1901 57.8 34 
El bare pete a oe Genesee hey. a2. 59.0 1904 | 53.2 1902 55.9 35: 
Elona ec on ae es Ohemune.....s08.5,2 62.0 1904 | 57.6 1901 59.3 40: 
Favyetteville.a 4.2. Onondagay= 61.3 1904 |} 55.8 1902 58.6 40: 
Franklinville........ Cattaraucis. =. DOU 2 1904 Biase Son 54.5 45 
Geneva i Sie ee - Ontario. See 60.4 1903 Dose see 5775 37 
Glens Baliet -) a -ee> ATTEN AL Lanett 60.4 1904 | 56.0 1906 57.8 40° 
Gloversville: ©  e-. Pultone. see ee 59.6 1904 5351 2 1902 55.8 43 
(STCOCTINVICL ie 2 ree ee Washington Pa iee ae 60.0 1904 55-0. 2 1902 56.8 39: 
Griffin Corners.......| Delaware...<:..:-. 55. 7 1904 5220S LOO? 53.8 43. 
Hemlock Lake....... LivingstGn v4 ...0 n) DOe2 L903. 40> GL o02 Hyp 35 
Honeymead Brook...| Dutchess......... 59.5 1903 | 56.2 1902 57.2 35. 
Hitimiphre yess ener Cattarangnus =. 3... 57.2 1899 | 52.4 1901 54.9 38. 
Indias Walkers... era Hamilton....cens.| 02.0) 19044 49) 41902 52.0 49 
Pthacss. 2 hee Thompkingm. one. 59.6 1904 | 54.5 1902 56.6 S70 
Jamestown.......... Chautaucual.. 3s: 59.8 1903} 53.4 1902 aig 40: 
Keene Valley........ TEGSE% ery aoe s. 5820) 1904.) 51.2 L898 53.8 44 
Libertvae aie oe. wuedubeyennie a 4 eee 58.6. 1904. 532 0F 1898 ya eres 36: 
Thttle Palis. coc... a Flerkimet. ja wee 62.4 1903 | 53.6 1902 56.0 34 
Lockport chee Nid gaara. bps. dees 59.2 1903 Done L0G FAS I 39 
Low ville. owes ee TEC Wisi, rete 57.8 1904 52.42) LOZ 54.3 42 
Lyane seks acabe ots Waynes tc. Gees TPR 62.6 1904 | 56.3 1897 58.8 36. 
Middletown......... Orante>.. momar ce 61-6. 1904.) 56.20 1898 59.0 32 
Mohonk Lake....... Ulsterss. ae a 59.9 1904 54.9 1898 5S FEO 28 
NiOits a a. ea ee ran kit eee 60.3 1904 53/0: 1902 55.8 39 
Nevwilashons.. i ne Otseso® Kien 55.8 1904 4 51.6>°1902 ade Lt 45. 
Newey ork. | eee Newey OLk a) tees 64.1 19037) 56.6 1898 60.6 ae 
North Hammond....| St. Lawrence...... GL. OV st90si N53: 2G) 1902 56.6 35. 
Number Four....... IREWVIS. ete ae 56.8 1903 Hie 2 ees oe o2eG 39 
Niundac see ee eaivingstonmeenn sie 59.2 ~1903. 455.8 “1902 to Ge) 44 
Ogdensburg. ..+)...- ot, Lawrence..:... 01.9 1904 |"53.. 3 nL902 56.4 36 
Oneontaté. xfer 2k OLsesos = BL meee 60.8 1904 | 54.7 1902 Bins 44 
OewetGscs.. fa2 aiken WOSIWIE BO i ntacs be nce 56.7 1904 | 52.4 1905 54.1 oa 
Oxidrdamee. fee oer Chenangontwe 2 & 59.8 +1904 J) 55)..0 21902 56.4 43. 
Oyster BAV Ac. os fe cet, INSSSEU Siem 5 creat tat 61.6 1904 | 59.8 1906 61.0 737 
Palermorieeiee sone ea Oswego gse a4. tries 55.9 1900 | 54.0 1897 55.4 41 
Peni ycting arene oie VAtES cums oan bes 59a 908 al eoD ae LoUs 58.3 39 
Perry! Git v.04 fen obs Seni yvlete . cveeaes 58.4 1904 | 538.6 1902 ae 7 44 
Plapcsbunceaccie «noe [Si khan nonstate aaN 60.4 1904 | 49.7 1899 54.8 42 
Porteleryaswew. awe: Oranvencwes. atten 6253 T919045 25852 1897. 59.8 41 
POTSAAML eyes ete St. Lawrence: ...00% 60.2 1904 | 54.6 1897 56.4 39 
Poughkeepsie... i.-... |; Dutchess... 35 59.0 1899 | 57.0 1898 57.8 *41 
PrisnrOSe ny se wee oe Westchester.......] 61.4 1904 | 56.4 1898 59.0 39 
Richmondville....... Schobhariéwee......|. 0940. 210042|/) 5454551902 56.4 42 
Ridgewny..6 certs: P torleatiaa nag uy 58.4 1904 | 54.2 1897 56.1 35 
Rochester.........-.. K Monroe teas oa 59.8 1904 | 55.5 1897 57.2 3 
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Taste IV.— (Continued.) 


a ee nc RES SE EE A PE RIE a IL EE 




















Greatest 

STATION. County. Maximum. Minimum. Mean. daily 

range. 

Degs. Year.|Degs. Year.| Degs. Degs. 
PRTG shy oes. see -a=6_0re Oneitlaee cit cei crn: 61.3 1904 | 54.2 1900 56.9 38 
PREVENT LTS ee ste slew hos DeTeCAMeN te ries. 60.4 1904 |; 55.0 1902 57.8 38 
SaranaciLake;. 2... Hranikghisinerirracnt sh: 57.4 1904 | 50.2 1902 73.10 42 
Saratoga Springs..... WAEACOP Acs «lta t 59:55. 19047 1'55.0" 1900 56.7 40 
Schenectady......%.. Schenectady...... 59.7 1901 | 58.2 1900 fy yo at *39° 
DELAUICEES OM. he, 2 Sakis § SUnOlk_ eos eee te 60.3 1904 | 56.2 1898 58.2 30 
Shortsvillecus. «iret. Ontarioges ics Gos 59.4 1903 | 55.0 1902 56.8 38 
Southampton........ SUILOUK PIs ere gota OSE lel IOS oso LOVE 56.1 26 
South Canisteo...... Steubents. soca. 4. 58.8 1903_ |" 53..5., 1897 55.8 43 
South Kortright..... Delaware ac cse honk 57.2 1904 | 52.9 1902 54.6 45) 
SGUtNSOCHLOON » oe oc Sula LUSSEX «fo oh ococds orale» 57.3 1904 | 51.8 1902 53.9 42 
SPONSE DUN ASE tee gk Seat ee Saratovantee ss ee 61.4 1904 | 56.8 1906 58.8 47 
Diraits. Comers. .#.. 2 ANCE) His er HEN 58.3 1904 | 53.4 .1902 55.9 42 
DVTACUSEL ses eee bos Onondagarn 7 Ast ¢. 60.1 1904 | 56.2 1906 57.8 SP 
PMCONGETOP AN dc. sl oc: ESSERE cers re 60.6 1904 | 54.0 1906 57.0 40 
Wolusiares ius. hist, eee Chautauqua Os," .4 57-£9' V1903 (54.2 F901 bon 36 
Wappingers Halls..<.|. Dutchess.<.....,... 61.1 1897 | 58.4 1898 | 60.0 39° 
Watertown). Vis od Jeffersons’. J: 9462: 59.8 1904 | 538.8 1902 56.5 37 
VES Bsr eee AR Vetere et Lee Ney es aie 60.8 1904 | 56.0 1897 58.2 47 
Wedgewood......... peliivlers sy ys eh. x: 58.6 1899 | 54.0 1902 55.8 34 
LVI: tein. a eee JEG hacnihneraloe, 9 aie ae 57.2 1904 |} 53.6 1902 54.9 49 
West Bernes. ci 9... Alban yi eesls oe® 62.6 1899 | 55.0 1900 56.9 47 
Weetitelidiare <..c08%, a5 sc: Cyaubautacai «oh 58.2 18990 bo .2. 1897 56.9 36 
Widhamareny se. xr! Greenex.;ag4 ales 58.1 1904-} 52.6 1900 | apa 44 

* Average for three years. TAverage for two years. 


Inspection of the table shows the modifying eftects of the Ocean,. 
Great Lakes, and Central Lakes on the temperature in general and 
especially in the daily range of temperature. Near these bodies 
of water the daily range is much less than in other parts of the 
State. The small daily range is brought about through the equaliz- 
ing effect of the water and through the comparative cloudiness of 
these regions. The shelter given by the surrounding hills helps also 
to render the valleys of the Central Lakes equable as to tempera- 
ture. 

The other general features which influence the position and trend 
of isothermal lines are: Latitude, altitude, and circulation of air. 

The difference between the daily range for May in the several 
fruit regions of the State is shown in Table V, the average being 
taken for all of the stations in each fruit region and for the ten- 
year period. 


TArLE V.— AVERAGE GREATEST Dairy RANGE IN THE FRuIt REGIONS OF 


New York. 
aa ESR 


POA CS LS AGEs eet hee Le ao k ed oobi el hs 31 MeSteriiblateau Tavita cidtiet aft tae: 40 
Liudspie Valley tee meth tors ee 38 Gen tramlCAKeSomee ee aiks 5 nicctede emcee Be 
INerthern.Platedae? . FRc Li. 2.0e% 43 Wiestern! Plateat 2.% om sste kre styl bese 42 
StpwawrencesValleyius sae see ee 37 Ontanighonore | A. eso oo nners pe cme cate cas 36 


MotawitiVialley Pil: £63 Fone oes)... 39 EP RCA SHOTER SE Mis ich becdieds « EPCa a eee TES ENS 34 
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This table shows even better than the former one the equalizing 
effect of water through its thermal stability as compared with the 
rapidity of radiation and absorption of heat from land. 


SUNSHINE AND THE SETTING OF FRUIT. 


Sunny weather is reported at blooming-time in western New 
York in the years 1885, 1887, 1896, 1897 and 1900. In each of 
the above years the sunshine was accompanied by warm, dry 
weather. It is a most significant fact that there were good crops o1 
fruit in all of the years named and that in three of them there 
were record-breaking crops of one or another of the fruits and 
enormous crops of practically all of the tree-fruits. 

When the atmosphere is well warmed and dried by the rays of 
the sun the essential organs develop more quickly and at maturity 
are normal and healthy. Pollen is produced under such conditions 
in greater quantities and has more vitality, while the stigmas show 
a greater amount of the secretion which is necessary for the ger- 
mination of the pollen. The experience of centuries has confirmed 
the value of sunshine in blossoming-time, and has shown the desira- 
bility of a region for fruit growing in which the blossoming-time 
is a season of sunshine. it is only during warm sunny weather that 
insects will work; even cloudiness without rain or cold has a de- 
pressing effect on the energies of insects. The nectar which attracts 
insects seems to be formed in quantities worth seeking only when 
the sun is shining. 

It is true that warm weather and bright sunshine sometimes 
hasten floral expansion so that there is not time for proper cross- 
pollination, but this seldom occurs. Under normal conditions the 
several tree fruits are in blossom until all ovaries are fertilized, the 
dropping of the petals and the withering of the pistils and stamens 
being a sign that fertilization has taken place. 

It 1s an interesting fact that the floral envelope is developed nearly 
as well, with some plants at least, in darkness as in light. Thus, 
lilacs and other flowering shrubs may be and often are forced 
into flower in dark cellars. But in flowers so forced stamens and 
and pistils are diminutive as compared with those which have de~ 
veloped in full sunshine and the pollen is developed in comparatively 
small quantities and but little of it seems plump and perfect, though 
seemingly no tests have been made to ascertain its germinative 
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power. The effects of darkness are produced in a lesser degree 
in the absence of sunlight in those regions where clouds or fogs 
prevail. 

It is possible that there may be considerable watery vapor in the 
air, even though the sun is shining brightly. This invisible vapor in 
the air at blooming-time may have an unfavorable effect upon the 
reproductive organs of a plant, for the chemical effects of the sun’s 
rays must vary with the humidity of the air and the moisture must 
have a direct effect upon them. There seems to be known but little 
that is definite in regard to such humidity. The florist knows that 
a dry atmosphere is much preferable to a humid one for the setting 
of tomatoes, cucumbers and melons in the greenhouse, and we may 
assume that this is as true out of doors as in doors. 

It is well known that dry air allows heat to escape by radiation 
more quickly than does a moist atmosphere. Other factors being 
the same, frost, therefore, is more severe in dry, sunny weather 
than in moist or cloudy weather. Excessively dry air, too, often 
causes a greater transpiration from leaf and flower than the roots 
can supply and if a wind arise the organs are dried up; so, too, a 
hot sun may parch- the reproductive and floral organs. But these 
ills of dry, hot weather are not commonly felt at blooming time in 


New York. 
WIND AND THE SETTING OF FRUIT. 


Wind of sufficient strength to damage blossoms is mentioned 
in the reports we are considering in the years 1881, 1882, 1883, 
and 1895. 

In the years when rainfall was detrimental to the blossoms, 
wind is mentioned several times as an accompaniment. 

Wind is not mentioned in any of the years of frostiness. 

It is certain that wind at blossoming-time may be injurious and 
we may assume that it is sometimes beneficial. Its effects may 
be summarized as follows: 

Injurious effects—— Strong winds may blow or whip blossoms 
from the trees and prevent insects from working. Long continued, 
warm, dry winds injure blossoms by evaporating the secretion from 
the stigmas, thereby preventing the retention and germination of 
pollen ; such winds often do much damage in bleak regions. Damp, 
warm winds, if long continued, are unfavorable to pollination and 
fertilization. A cold, dry, north wind in blooming-time often 
proves exceedingly unfavorable to the fruit crop. Such a wind 
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seems to chill vegetation and stops the normal functions of not 
only flowers but of leaves, the latter sometimes experiencing a 
set-back from which they never entirely recover. Lastly, winds 
may carry germs of plant diseases harmful to the plant —as for 
instance pear blight. | 

Beneficial effects— The wind may aid in the distribution of 
polien though it is doubtful if much good is done by air currents. 
in this way. On cold, clear nights, winds keep off frosts by re- 
newing the heat; or by bringing fogs or clouds from lakes or 
ocean frosts are prevented on the leeward side of the water. 

A study of the above effects and of conditions as they prevail 
in New York shows that winds do comparatively little damage in 
this State in blooming-time. The topography of the State, the 
amount of water in and surrounding the region, and timber lands 
give, for most part, favorable winds in the spring of the year, 
though occasionally considerable damage is done by high winds. 
Windbreaks are of doubtful value in protecting blossoms from 
wind, and probably decrease the beneficial effects of winds more 
than they mitigate the injurious effects. 

Table VI shows the days of sunshine and cloudiness and the 
direction of the prevailing wind at the 96 weather stations in New 
York. The regions having the greatest precipitation have the most 
cloudy weather, though rainfall and cloudiness are not exactly 
proportional in the several regions. : 

The influence of the Great Lakes on the winds which pass. 
over them is very marked in fruit districts adjacent to these 
bodies of water. Data collected by the U. S. Weather Bureau 
indicate that the surface of Lake Erie and Lake Ontario averages 
from 10° to 15° warmer in winter and cooler in summer than the 
nearby land. The tempering effects of winds are very marked in 
the area south and east of the Lakes but decrease rapidly toward 
the interior of the State. 

Most of the best fruit localities in the fruit districts of the State 
are in valleys or are sheltered by highlands. This sheltering effect 
of hills and highlands is an important factor in choosing orchard 
sites and can be made use of as a protection from winds to a 
great extent in a territory so irregular as New York. 

The night-blowing valley winds are important climatic factors 
in fruit growing in keeping off frost and in tempering cold of 
winter and heat of summer. These nocturnal winds usually begin 
blowing in valleys a few hours after sunset and pass down the 
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valley channel with a velocity from 10 to 20 miles per hour. They 
are seldom felt on the upper hill slopes of valleys and of course 
not at all on the plains. 

On Long Island and near the ocean the land wind and the sea 
breeze modify the climate not a little. The former blows off the 
shore at night in fair weather and the latter sets in from the sea 
at about the middle of the morning and blows until toward sunset. 
These winds affect the climate from ten to twenty miles inland and 
must have a marked influence on the early-blooming fruits. 
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TABLE VI.—- (Continued.) 











No. of |; Prevailing 
No. of No. of . : 
Station. County. clear petty cloudy pepo 
days. a vacant days. Ns 
days. wind. 
FROIMININIS Mater eesichche. 6 Seneca a. mee bee ial 9 11 S. 
Darahace lakes she..t os a Pranklinis shane ane oe 11 12 8 N.W.-W 
Saratoga Springs....... SATACOL Ar mete eet 10 1 9 S.W. 
‘Schenectady -.........| ochenectady...-.... 14 7 10 W. 
(Sct OE 1 el aE Suttolk=- ese 13 8 10 S. 
Nhonisvillenee sn owes fhe ay Oiitariowm seu toe Wee iy 10 9 N.E. 
Southamptonasse ac... Suiol ke ser spee sees ea eee 16 11 4 S.W. 
south Canisteo........ Steuben. . seem et wee 12 a 12 N.W. 
South Kortright....... Delaware. oats... «5 18 7 6 S.W. 
South Schroon......... SSE Xe won Se cops 14 iG 10 S. 
DPiemialisee 3s. Dara LOC a wie eure 16 8 i Se 
Straits Corners. ...:.... Ae telete ricco et eee 15 6 10 N. 
WVlactisee = vis ek hho Onondagarecrstn.me 8 16 7 Ss. 
pliCOnNGeTOPA.. 6.60 cle ESSSOX 2 ake renee tema 17 5 9 S. 
Et ek bes Chattatiguarses sae. 13 14 4 Ss. 
Wappingers Falls...... DtttChEess eee pains Oss 12 13 6 N.E. 
WracertOwn.. i... es ces WetlersOneent ean oe 14 9 8 S.W. 
Vu coreeeeaenarne cae See MOS Alem Patersren crash ie ea 8 13 10 N.W.-W. 
Wedgewood........... POU VIET as. « ohecice Ack 13 13 5 N.W. 
GMS ese ete fee oc wate le Flarnaiitonmens eer 15 9 ia W. 
West Berne.:.......... AIDA Aver chore wins oteteke ilgl 9 11 W. 
VC a OS a i i Chattavdua. ss: on os 13 8 10 N.W. 
Peat 10) hoy Ws 4s whist Greeneean orc oe ee 6s ila ts 7 W. 
*A verage for three years. tAverage for two years. 


Table VII gives statistics of the weather stations from which 
the weather data published in the preceeding tables are taken. 
All of the weather tables in this bulletin have been compiled from 
the published records of the Weather Bureau of the United States 
Department of Agriculture, excepting the data given for Geneva 
which come from records kept by this station. 
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CHANGES IN CLIMATE. 


There is a widespread belief that climate is permanently change- 
able in long periods. That is, that regions are becoming perma- 
nently hotter or colder, or wetter or dryer. If there are such 
changes, the matter becomes of intense interest to the horticul- 
turist and the farmer; for a change in climate may force a change 
in horticultural or agricultural industries. 

In the twenty-five year period we have been considering we 
have seen that there have been several seasons in succession of 
moisture and dryness, of cold and warmth, and of frostiness and 
lack of frost. The pendulum seems to swing first to the right 
and then to the left, but approximately as far in one direction as 
the other. Each tree generation, excepting, possibly, the peach, 
lives through one or possibly several of these oscillations. But are 
these changes permanent? Our retrospect of twenty-five years is 
not long enough to establish permanency in weather changes, but 
climatologists seem to be agreed in regard to the matter. And so, 
without taking space to give data or the views in full of those who 
have studied climatic changes, the general belief of climatologists 
in this regard may be summarized as follows: 

It is well agreed that there have been climatic changes in the 
geological past; as periods of glaciers and periods of tropical heat 
in the latitude in which we live. Much evidence has been brought 
forward to show that there have been progressive and permanent 
changes in climate in the historic present. But such evidence when 
subjected to careful study has proved contradictory and unreliable, 
and it does not as yet seem to have been established that there are 
any considerable permanent changes in climate over large areas in 
historic times. It is now generally believed that periodic changes 
of climate are limited in time and not at all permanent. The causes 
of these periods of differing climate are generally ascribed to solar 
activity, but a satisfactory explanation of them has not yet been 
made. Neither the oscillations of climate nor the processes causing 
them are well understood. Contrary to popular belief, and possibly 
to former scientific belief, it is not now thought that man can 
greatly change climate by flooding or draining, by planting forests 
or by destroying forests, or in any way produce any important, 
long continued, or extended change in climate. 
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CONCLUSION. 


Several facts have been made plain by this discussion of the 
relations of weather to the setting of fruit. | 

First, frosts, rain, cold weather and cold or high winds are the 
chief agencies in preventing the proper setting of fruit in. New 
Or: 

Second, it 1s beyond the power of man to control weather except 
in the case of light frosts, which may be prevented to some extent 
if the proper precautions are taken. 

Third, an abundance of sunshine and a low percentage of 
humidity give the most favorable conditions for the setting of 
fruit. 

Fourth, locations for growing the different fruits should be 
selected with reference to general and local climate; in the first 
case, latitude, altitude and proximity to large bodies of water, are 
the determining factors, in the second case the lay of the land is 
the determinant. 

Fifth, varieties of fruit of the several kinds can be selected with 
reference to time of blooming to escape in some degree injurious 
climatal agencies. 

Sixth, fruits may be selected with reference to their ability, for 
one cause or another, to withstand injurious weather; of’ these, 
cultural treatment to induce strong vitality probably helps plants 
most to withstand stresses of harmful weather. 

Seventh, the climate changes in short cycles but such oscillations 
are not permanent and it is probably beyond the power of man to 
change the climate by flooding or draining, by planting or destroy- 
ing forests, or by any other means. 


BLOOMING-TIME; WITH DATES OF BLOOMING - FOR 
866 VARIETIES, OF FRUIT. 


The life epochs of plants are of much importance to those whg 
till the soil. Thus seeding-time, leafing-time, blooming-time, 
fruiting-time, mark the seasons for the agriculturist. These epochs 
are of particular importance to the orchardist, the welfare of the 
crop depending, oftentimes, upon the season and upon the weather 
in which they take place; orchard operations, too, are governed 
by them. The time of blooming is a particularly important period 
in growing fruits, and especially so as to the welfare of the crop. 


‘ 
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Any knowledge, then, that will enable us to forecast the advent of 
the blooming season even though it be vague, must be helpful. 

Blooming-time is not a fixed event in the succession of life events 
of plants. If, for example, we consider leafing and blooming we 
shall find that in the northern climates the tree fruits come into 
leaf and bloom almost simultaneously and at the first wave of 
summer weather. In more southern climates many of the varieties 
of the same species will bloom first and then come into foliage. 
Similarly, the relations as to time of taking place of all life-epochs 
are somewhat dependent upon climate and without doubt other 
conditions. Of the several attributes of climate, temperature seems 
to have by tar the greatest influence in hastening or retarding the 
advent of blooming time. 

Since temperature is so easily measured, and since plants may 
be observed under the different degrees of temperature, it would 
seem that there might be some thermal constant whereby the 
advance of vegetation can be gauged in any season. The problem 
is one that has engaged the attention of students of climate and 
plant life for nearly two centuries and is worth brief mention here. 

Of the score or more of hypotheses that have been formed for 
paralleling the development of vegetation with thermometric 
values, the principal one is that of Hoffman. 

Hoffman’s! conclusion, after many years’ study of the quantity 
of heat needed for a definite phase of vegetation was: That be- 
ginning with midwinter when vegetation is dormant, the zero 
point of vegetation in his hypothesis, and for which he takes the 
first of January as an arbitrary date, if one takes the sum of the 
daily, maximum, positive temperatures of a thermometer fully 
exposed to the sun, up to a day of the attainment of any definite 
phase of vegetation, as blooming, leafing, or ripe fruit, one has a 
thermal constant which will coincide from year to year to a satis- 
factory degree. 

Relations that would follow from the above hypothesis are: 
Though a life epoch may begin at varying dates from year to year 
depending on the climate of the year, yet to reach a_partic- 
ular epoch, a plant requires an amount of heat that is constant 
from year to year. Plants may therefore be considered a means of 
measuring heat. The beginning of any life-epoch marks a certain 


"Hoffman. Comparative phenological chart for Central Europe. Peter- 
mann’s Geog. Mitth., 1881. 
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sum total of heat up to that date; this sum total is the amount of 
heat required by the plant to reach the epoch in question. 

It is probable that in our climate where temperature, of all the 
attributes of climate, pre-eminently influences vegetation, Hoff- 
man’s thermal constants can be used with some accuracy but only 
after long-continued observations in the locality in which they are 
to be used; for, beyond all question, plants will accommodate them- 
selves to different sum totals of heat for their several life events in 
different localities. 

If we seek for a more concrete guide than the thermal constant 
for forecasting the advent of blooming-time, we shall find even less 
satisfaction. The retreat of winter and the coming of spring are 
marked by the disappearance of snow, the breaking up of ice, the 
appearance of animals, the migration of birds and the putting- 
forth of vegetation. But all of these fail as reliable heralds of 
blooning-time. If we turn to the weather we shall find but little 
that is tangible, nothing that will guide predictions for more than 
a few days in advance. Blooming-time seems to follow a some- 
what complicated series of weather changes, the chief features of 
which are a succession of hot and cold waves, the latter diminish- 
ing in frequency and force until the total amount of temperature 
for the season seems to force out the blossoms. 

The physical features of a location have a marked effect on the 
blooming-time quite aside from the altitude and latitude which for 
most part govern temperature. Among the minor factors are 
proximity to large bodies of water; the slope of the land; the 
character of the soil; winds and wind-breaks. Plants bloom earlier 
in a sheltered valley, on a southern slope, or on a warm sandy 
soil, than on exposed plateaus, bleak hillsides, or heavy cold soils. 
The color of the wood, whether dark or light, may have a slight 
influence on the time of blooming. 

With these brief considerations we pass to a discussion of the 
blooming dates of the apple, pear, peach, plum, cherry, apricot, 
nectarine and grape at this Station. Blooming dates are given 
for six years, from 1902 to 1907 inclusive for the tree fruits, and 
for the years 1892 to 1898 for the grape. For many years this 
Station has kept records of the blooming-time of the fruits grown. 
In 1902 an arrangement was made whereby such records were to 
be kept by the U. S. Department of Agriculture for the joint use 


of the Station and Department. The dates here given were taken: 


for the first five years by H. P. Gould and the last year by W. F. 
Fletcher, both of the Department of Agriculture. 


i ie 
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In making use of these dates, consideration must be given to 
the environment of the orchards at Geneva. The latitude at the 
Smith Astronomical Observatory, a quarter of a mile from the 
Station orchards, is 42° 52’ 46.2”; the altitude is from 500 to 525 
feet above sea level; the soil is a stiff and rather cold clay; the 
orchard lies about a mile west of Seneca Lake, a body of water 
40 miles in length and from 1 to 3% miles in width and more than 
600 feet deep. The lake has frozen over but a few times since 
the region was settled over a hundred years ago, and exercises a 
powerful influence on the adjacent country in lessening the cold 
of winter, the heat of summer, and in preventing early blooming. 

The dates are those of the first open blossoms and of full bloom. 
They were taken from trees grown under normal conditions as to 
pruning, distance apart, and as to all other factors which might 
influence the blooming period. For most part the dates are from 
the same trees. | 

Special attention is called to the following deductions from the 
list of blooming dates: 

Simultaneity of blooming.— It is evident that, if cross-fertiliza- 
tion is to play an important part in fruit-growing, in planting to 
secure it kinds must be chosen which come into blossom at the 
same time as those which they are expected to fertilize. This table 
shows the sorts that bloom together or nearly enough so to make 
cross-pollination possible. It will be found upon examining the 
list that, under normal conditions and during the average season. 
varieties of any one species overlap sufficiently for the above pur- 
pose unless it be the very early and very late varieties. Variations 
due to locality and to season must be expected but within the 
bounds of New York these will be slight. Properly interpreted 
the table of dates should be a useful guide as to the simultancity 
of blooming. 

Is the time of blooming correlated with the time of fruiting? — 
Many fruit growers consider that there is a correlation between 
the time of blooming and the time of ripening of fruits. Or, to 
nut it in other words, they believe that early varieties bloom 
earlier than late ones and that late varieties are therefore less 
liable to have blossoms injured by late ‘frosts. By selecting a 
large number of any of the several fruits for which blooming dates 
are given and by making a list from the fruit manuals of their 
period of ripening, one soon sees that there is absolutely no correla- 
tion between blooming and fruiting, although there are many ap- 
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parent exceptions. The writer has made a similar computation for 
leafing and fruiting and finds also that there is no correlation 
between these two life events. 

How long are the several fruits in bloom? —It is often desir- 
able to know how long varieties of fruits remain in bloom. The 
averages of the data for the five years considered in this Bulletin 
give this information: For apples as a species it is about 9 days; 
pears, 7 days; peaches, 8 days; plums, 7 days; cherries, 7 days; 
grapes, 10 days. The time from first blossoms until all have 
dropped varies in accordance with the factors we have discussed as 
affecting blooming time. In very hot, dry weather blossoms of 
some fruits do not last longer than forty-eight hours. Blossoms 
of the tree fruits, unlike those of many flowering plants, remain 
open day and night after they have once opened though pollination 
probably takes place during the day only. 

In some seasons, or under some conditions, a few varieties of 
each of the several fruits have two sets of blossoms. When the 
trees of these varieties at such times are in full bloom unopened 
blossoms may be found. If the first blossoms are destroyed, the 
second set may set fruit. In case both sets produce crops there 
is an early and a late picking. _Some varieties of cherries are 
remarkable for this double blossoming even in normal seasons. 

The list shows early and late blooming varieties.— An inspection 
of the dates of blooming of all of the fruits shows that there is a 
variation of several days in most seasons between the appearance 
of the first blossoms of the different varieties. This can be taken 
advantage of in selecting sorts to avoid injury from frost. 

The following varieties of apples, pears, peaches, plums and 
cherries are grouped as early or late bloomers. Averages were 
taken of the dates of bloom for six years with apples, and for 
five years with the remaining classes of fruit. The least difference 
in length of time between early and late bloomers was with peaches, 
and the varieties were more variable, some years blooming early 
and other years blooming late. 


EARLY AND LATE BLOOMING VARIETIES OF FRUIT. 


APPLES. 
Early Bloomers. Late Bloomers. 
Bietigheimer Ben Davis 
Early Ripe : Northern Spy 


Gravenstein Peck Pleasant 
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Early Bloomers. 
Primate 
Paragon 
Red Astrachan 
Tompkins King 
Wagener 


Early Bloomers. 
Dikeman 
Downer 
Early Purple Guigne 
Luelling 
Mercer 
Napoleon Bigarreau 
Rockport Bigarreau 
Windsor 


Early Bloomers. 
Belle of Georgia 
Early Rivers’ 
Frances 
Gold Drop 
Greensboro 
Summer Snow 


Waddell 


Early Bloomers 

Anjou 

Flemish Beauty 
Frederick Clapp 
Garber 

Japan 

Le Conte 
Mount Vernon 
Peffer 
Superfine 
Urbaniste 

15 


APPLES — Continued, 


CHERRIES, 


PEACHES. 


PEARS, 
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Lute Bloomers. 
Ralls 
Rome 
Williams 
Yellow Newtown 


Late Bloomers. 
Arch Duke 
brusseler bBraune 
English Morello 
Louis Philippe 
Montmorency 
Montmorency Large 


Late Bloomers. 
Foster 
Gibson Late 
Globe 
Graves 
Late Yellow 
Midseason Favorite 
Orleans 
Wager 


Wheatland 


Late Bloomers. 
Japan Golden Russet 
Joan of Arc 
P. Barry 
Shuil 
Sudduth 
Winter Nelis 
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PLUMS. 

Early Bloomers. Late Bloomers. 
Abundance Belle de September 
Burbank , Damson Freestone 
Climax De Soto 
Diamond forest Garden 
Duane Purple German Prune 
Field Golden Beauty 
Georgeson Hungarian Prune 
Goliath Milton 
Normand Minnesota 
October Purple Pond Seedling 
White Kelsey Pottawattamie 
Wickson Wild Goose 

Wolf 
Wyant 


It is probable that early blooming varieties are not nearly so 
well cross-pollinated as the late blooming sorts; for there are 
always many blossoms on the early blooming sorts appearing late 
and until the late blooming kinds are in full bloom; and it is likely 
that pollen carried by insects maintains its viability for a consider- 
able length of time making it available for the cross-pollination of 
the late blooming varieties. These factors, together with the fact 
that the weather is usually more propitious for the late blooming 
fruits, put the early flowering sorts at a great disadvantage in the 
matter of cross-pollination. 

In Vable VIII, giving blooming dates, the blooming-time of each 
variety is represented by a starred line following the name, each 
star representing a date. ‘The first starred date represents the aver- 
age date, for the number of observations given, of the first open 
blossoms. ‘The starred line is extended two days beyond full bloom, 
this length of time being quite sufficient under average conditions 
to insure pollination. The varieties are arranged in order of their 
blooming. This arrangement of the blooming dates is adapted 
from Bulletin 6, Vol. XIII, of the Virginia Agricultural Experi- 
ment Station, by H. L. Price. 

At the first glance it will be noted that the number of observa- 
tions for the varieties of the several fruits differs. When the num- 
bers are the same the years may have been different. This fact 
prevents an exact arrangement of the varieties in order of their 
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blooming. But it has been thought best to have the average time 
of blooming of each variety as accurate as possible to secure which 
as great a number of observations as could be had were necessarily 
used. Moreover, to have made the years of observation uniform 
in number and in years would have reduced the number of varieties 
greatly, since all of the varieties of a fruit do not often bloom the 
same year. However, a comparison of the blooming periods as 
shown in the table with the actual dates for the several years shows 
that the method of arrangement does not give a wide variance 
between the actual dates for any year and the average dates for the 
several years and that the blooming periods are therefore in 
practically their chronological order. 
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New YorK AGRICULTURAL ExprRIMENT STATION. 
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New YorK AGRICULTURAL EXPERIMENT STATION. 
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New York AGRICULTURAL EXPERIMENT STATION. 
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VARIETY TEST OF STRAWBERRIES AND 
CULTURAL DIRECTIONS.* 


O. M. TAYLOR: 


SUMMARY. 


Eighty-nine varieties, tested during 1907 and 1908, many of them 
recent introductions, are described in this bulletin. The kinds have 
varied widely in behavior under apparently similar conditions, and 
these differences indicate their possible value when grown in a simi- 
lar environment. Actual trial under each set of conditions is the 
safest guide. 

The distance of rows and plants should be governed by the plant’s 
ability to reproduce itself. This is an inherent character which 
varies but little under different surroundings. Eleven varieties pro- 
duced very many plants which were badly crowded. Thirty-two 
kinds made very few plants leaving much unoccupied ground which 
resulted in a decreased yield. Forty-six varieties developed a 
medium number of runners. 

No insect injury occurred during 1907 and 1908. ‘Weather con- 
ditions were unfavorable for the rapid outbreak and spread of fun- 
gus diseases. A few varieties suffered from mildew. Twenty 
varieties were strongly susceptible to attacks of leaf-blight. Sixty 
nine kinds were free from disease, or nearly so. Under ordinary 
conditions applications of bordeaux mixture are unnecessary. 

A large number of varieties fruited in midseason. Nineteen per 
ct. proved to be early; about eight per ct. were late. Small size 
and a short and unproductive season are characteristics of early 
varieties. Golden Gate and Saint Louis were very productive and 
early in season. Most of the early kinds produced only one or two 
satisfactory pickings. There were a larger number of desirable 
midseason and late kinds than early varieties. ‘All of the seven 
late varieties, Blaine, Columbia, Nettie, Prof. Fisher, Quality, 
Rough Rider and Williams are included in the list of varieties havy- 
ing marked desirable characters. 

One of the greatest variations was in productiveness. The rat- 
ing of each is given in the description of the variety. The most 


*A reprint of Bulletin No. 300. 
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productive kind, Arnouts, yielded at the rate of 14,409 quarts per 
acre; the least productive variety, Stevens Late Champion, yielded 
at the rate of 622 quarts per acre. This variety, however, pro- 
duced very few runners. It has many qualities to commend it and 
is worthy of trial notwithstanding the record of yield. Nineteen 
varieties gave a yield of from 8,189 to 14,409 quarts per acre, and 
only nine varieties gave a yield of from 2,807 quarts down to 622 
quarts per acre. 

For commercial purposes large size of fruit is essential. Many 
kinds otherwise desirable produce berries too small. Some desir- 
able kinds such as Carrie Silvers, Dighton Rock, Ernie, Senator 
Dunlap, Williams, and others produced large fruit which rapidly 
decreased in size as the season advanced. On page 481 is given a 
list of thirty-eight varieties which retained their size fairly weil 
throughout the season. 

Early blooming varieties often suffer from frost. Those which 
open their buds late are usually safer to grow. The blooming sea- 
son may be retarded slightly as indicated under cultural directions. 
Fourteen varieties blossomed early and a similar number bloomed 
late. Abington, an early bloomer, ranked high in productiveness 
and in color, although not of highest quality. All but three of the 
fourteen late bloomers are in the group of desirable kinds. 

The list of varieties with marked desirable characters is large. 
Many varieties are included which made a good record in the 
previous test and these have nearly all held their own during the 
past two years. The list is only suggestive. It is not expected that 
all will do equally. well in any one place. The important character- 
istics are noted in the descriptions. Attention is here called to a 
few of the most promising sorts. Amanda, although subject to leaf 
blight, is a heavy yielder of large, well colored berries of high 
quality. Blaine is an excellent shipper and ranks very good in 
quality. Cardinal, Mark Hanna, Marshall, Mead, President, Rough 
Rider and Senator Dunlap are well known in many sections. Chesa- 
peake, a most promising kind, produced few plants, which were 
healthy and vigorous. The plump, glossy scarlet surface, smooth 
except for the raised seeds, is characteristic. Columbia has ex- 
cellent plant habits; the large glossy, light scarlet berries have good 
flesh characters; one of the best late ripening kinds. Dighton Rock 
lacks somewhat in vigor but ranks very good to best in quality. 
Golden Gate produced vigorous and very productive plants, ripes- 
ing its fruit medium early; an excellent shipper. Good Luck 1s 
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worthy of more extended trial; the flesh is sprightly acid and 
pleasant flavored. Magnus, a Station seedling, ranked first in at- 
tractiveness. Millionaire was not sufficiently tested to determine 
its value. The dark green healthy foliage of Nettie, a late variety, 
attracted attention, as did the large and slightly dull scarlet fruit; 
resembles Prof. Fisher but earlier. President again demonstrated 
its value as a show berry. Prof. Fisher made a good record as a 
productive, late, tart variety, but is coarse in appearance. Prolific, 
a Station seedling, ranked at the front and appears unusually well 
adapted for commercial purposes. Although the plant characters 
of Saratoga are not perfect, the fruit is large, well shaped, attrac- 
tive, dark scarlet; an excellent shipper; sprightly acid and of a good 
to very good quality. Stevens Late Champion ranked low in yield 
and was inclined to green tips but the plant characters were good 
and the fruit was usually attractive; should be set closer than most 
varieties. “Three W” gave the highest yield in 1908 (12,342 
quarts per acre) and may have value on account of productiveness 
although the shape is variable; flesh is unusually dark red. 

The cultural notes are brief suggestions along desirable lines. 
The details must vary to suit each set of conditions; the general 
principles of plant and soil requirements remain unchanged. 


INTRODUCTION. 


Two seasons have passed since the last publication of this Station 
on strawberries was issued. During this time eighty-nine varieties 
have been tested, and it is the purpose of the present bulletin to re- 
port the results obtained. Most of the varieties are recent intro- 
ductions but some standard kinds are included for purposes of com- 
parison. Whenever possible, plants were obtained from the 
originator or introducer and great care was given at all times io 
secure stock true to name. 

The success of any variety depends largely upon two things, its 
adaptation to environment and the amount of moisture available 
just before and during the fruiting period. Certain factors cannot 
be modified to any extent, but the amount of plant food available 
and the conservation of moisture are largely dependent upon the 
efforts of each grower, and vary with the care given. Seasons are 
unlike. Conditions widely different may exist at the same time in 
closely related territory. For these reasons the details of weather 
conditions for 1907 and 1908 are omitted. Average crops of berries 
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were produced generally although the yield was decreased in some 
localities by lack of rainfall or by other causes. 

The results given in this bulletin must not be taken as an index 
to the value of a variety in all locations and under all conditions. 
They indicate only the character of plant and fruit development 
under the local conditions existing at this Station, pointing out the 
strong and weak tendencies as they have appeared. It must be 
said again that the true value of a variety for each location can he 
determined only by actual trial in that place. 

Brief cultural suggestions were given in the previous bulletin. 
The demand for copies has been so great that the supply is ex- 
hausted. For this reason the description of varieties is followed by 
a revision of the brief cultural notes which may in a measure 
answer the numerous inquiries coming to this Station in regard to 
growing strawberries. 


Nort hy Oe CARTE TTS. 


Plant makers.— Varieties differ widely in their ability to make 
new plants, and this tendency should be considered in determining 
the distance of planting. To make conditions uniform, however, 11 
this experiment all plants, except where noted, were set three feet by 
two feet. This distance was too great in some cases, resulting in a 
decreased yield. Other varieties made an unusually large number 
of plants which should have been thinned out or given more room. 
The following are lists of varieties producing very many or very 
few plants: 

Very MANy PLANTS. 


Abington Columbia Prolific 
Advance Edwards No. 1 Ridgeway 
Amanda Mark Hanna Senator Dunlap 
Cardinal Pineapple Flavored 


VerY FEW PLANTS. 


Chesapeake Klondike Pres. Roosevelt 
Dighton Rock Latest Prof. Fisher 

Elma Mead Star 

Florella Miss Boston Stevens Late Champion 
Geni Morning Star Three W 

Gill Nehring’s Gem Uncle Sam 

Gladstone New Honie Velvet 

Great Scott Nimrod Victor 

Helen Gould North Shore Virginia 

Hundred Dollar Olympia Williams 


Joe . Oswego 
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Resistance to disease.— The amounts of leaf blight and mildew 
were noted from time to time during the growing season. The 
extent of these injuries is often largely determined by soil and air 
drainage and by the frequency and duration of rainfall, and varies 
widely in different years. Under similar conditions, however, there 
was considerable variation in the ability of different varieties to 
withstand attacks of fungi. These differences are recorded in the ~ 
description of varieties. J ifty-five varieties were wholly free from 
disease, fourteen varieties but slightly affected, and twenty varieties 
considerably injured, principally by leaf blight. 

Season of ripening.— In some localities the commercial value of 
a variety is largely determined by the time at which the fruit is 
ready to harvest. Some markets require early fruit while others 
find the late varieties most satisfactory. The terms early, midsea- 
son and late, as used in this bulletin, are relative, referring to com- 
parative time of ripening rather than to specific dates. The follow- 
ing table shows that seventeen varieties ripened early and only seven 
late, while a large majority, sixty-five in number, fruited in mid- 
season. 


EARLY SEASON. 


Advance Ernie Miss Boston 
Almo Excelsior Oaks Early 
Chipman Fairfield Pres. Roosevelt 
Colossus Florella Riehl No. 28 
Early Beauty Gill Saint Louis 
Ekey Golden Gate 


LATE SEASON. 


Blaine Prof. Fisher Rough Rider 
Columbia Quality Williams 
Nettie 


Productiveness.— During the ripening period the fruit was picked 
and weighed several times each week as occasion required. As the 
rows of the different varieties were not of the same length the total 
weight was reduced to the estimated yield per acre for comparison. 
No less than 12 plants of a variety were set, and in some cases the 
rows included roo or more plants. The results indicate wide 
ranges in productiveness, varying from 14,409 quarts per acre in the 
case of Arnouts to.622 quarts per acre with Stevens Late Champion. 
The latter variety, however, produced very few runners and the 
original plants might have been set much closer, which would have 
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materially increased the yield per acre. The following is a list of 
varieties producing heavy and light yields: 


VERY PRODUCTIVE. 


Abington King Edward Prolific 
Amanda Mead Saint Louis 
Arnouts New Globe Saratoga 
Bradley Oneida Senator Dunlap 
Columbia Oswego Three W 
Golden Gate President World’s Wonder 
Hundred Dollar 
UNPRODUCTIVE. 
Elma Morning Star Olympia 
Gill Nimrod Stevens Late Champion 


Size of fruit.— At the first picking of each variety, the size of the 
berries was noted and this record compared with the size of the fruit 
at each succeeding picking. Many of the varieties of good quality 
and attractive color were deficient in size throughout the season. 
Others produced fruit of excellent size at first, which later de- 
creased greatly. Still others retained a satisfactory size to the close 
of the season, a most desirable character for a good commercial 
variety. The fact must not be overlooked, however, that size is not 
the only factor to be considered, for some varieties were unat- 
tractive in color or undesirable in shape although of excellent size. 
The following list of thirty-eight varieties retained their size fairly 
well throughout the season. 


DESIRABLE SIZE THROUGHOUT SEASON. 


Abington Good Luck Prof. Fisher 
Amanda Gov. Rollins Prolific 

Arnouts Great Scott Ridgeway 

Blaine Hundred Dollar Rough Rider 
Bountiful Joe Saratoga 
Cardinal Klondike Schauber No. 106 
Chesapeake Latest Schauber No. 108 
Columbia Magnus Star 

Colossus Mark Hanna Stevens Late Champion 
Ekey Marshall Uncle Jim 

Elma Mead Uncle Sam 
Gladstone Nettie Velvet 

Golden Gate President 


16 
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Blooming season.— In some parts of the State and in localities 
subject to late frosts the time of blooming is of great importance 
as a large proportion of the blossoms are often killed by low tem- 
peratures at blooming time. The date of bloom varies, depending 
considerably upon the season and on the amount of winter protec- 
tion given in order to keep the plants back as much as possible. 
Records were kept of the date of the opening of the first blossoms 
and from these data the kinds have been grouped according to the 
relative time of blossoming into early, midseason and late bloomers. 
Fourteen varieties bloomed early and fourteen were late in coming 
into bloom. The following is the lst: 


Farty BLooMeERSs. 


Abington Fairfield Nimrod 
Advance Florella Oak’s Early 
Chipman Gill Olympia 

Early Beauty Morning Star Somerset Maid 
Excelsior Mrs. Miller 


LATE BLOOMERS. 


Amanda Good Luck Quality 

Blaine Joe Schauber No. 106 
Chesapeake Magnus ochauber No. 108 
Columbia Millionaire Williams 

Elma Prof. Fisher 


Desirable kinds.— Of all fruits the strawberry is one of the most 
variable in its behavior in different localities and under changed 
conditions. A variety may succeed in one place and fail in another 
place even in closely related territory. It is therefore unsafe to 
plant largely of any kind, no matter how well recommended, with- 
out a preliminary trial to test its adaptability to the proposed loca- 
tion. Nor is it generally desirable to include too many varieties in 
the main plantation for commercial purposes. A conservative 
study should therefore be made of the large list given below. 
These include the varieties which have strongly shown desirable 
characters along important lines. These characters are fully noted 
in the description of the variety. None of these kinds is perfect in 
all points and doubtless some will be discarded after a longer test. 
The fifty-four varieties not included in the list did not succeed well 
in the test at this Station. Those marked with a star should be 
planted closer than the other varieties. 
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VARIETIES HAVING MARKED DESIRABLE CHARACTERS. 


483° 





Abington Golden Gate *Profyibisher 
Amanda Good Luck Prolific 

Blaine Goy. Rollins Quality 
Bountiful *Joe Rough Rider 
Cardinal Magnus Saratoga 

Carrie Silvers Mark Hanna Schauber No. 106 
*Chesapeake Marshall Senator Dunlap 
Columbia * Mead *Stevens Late Champion: 
*Dighton Rock *Nehring’s Gem *ThreenW 

*Elma Nettie *Uncle Sam 
Ernie Omega *Williams 
*Gladstone President 


DESCRIPTION OF VARIETIES. 


In the following descriptions the source of the plants tested is: 
indicated by the names in parentheses following the names of 
varieties. Most of the historical information was secured directly 
from the originators or introducers. 


Abington.— (W. F. Allen, Salisbury, Md.) Perfect. A chance 
seedling originated in 1895 by Lester Blanchard, Abington, Massa- 
chusetts, and introduced by him in 1905. Plants many in number, 
strongly vigorous, subject to attacks of leaf blight, very productive. 
Leaves large, dark green; leaf stems long, variable in thickness, 
Fruit stems long, thick, usually double, medium erect. Blooms 
medium early, ripens slightly before midseason, picks easily. Calyx 
of medium size, flat or often on a short neck, sometimes slightly dis- 
colored. Seeds somewhat sunken. Fruit large, wedge to roundish 
conic or sometimes slightly elongated, attractive light scarlet. Flesh 
rather light colored, moderately firm, mildly acid, fair to good in 
quality. Retains size well throughout the season. Not of highest 
quality or firmness but worthy of trial on account of productiveness 
and general attractiveness. 


Advance.— (W. F. Allen, Salisbury, Md.) Perfect. Introduced 
about 1904 by Arthur B. Printz of Indiana. Plants very numerous, 
vigorous, healthy, above medium in productiveness. Leaves 
medium to above in size, light green; leaf stems rather long, slender. 
Fruit stems long, medium to slender, single, prostrate. Blooms and 
ripens early, picks easily. Calyx small to medium, not leafy, dis- 


*Make few runners. Should be set closer. 
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colored, flat, often pale green. Seeds slightly sunken. Fruit 
averages medium in size, strongly elongated, apex sharp pointed, 
attractive medium to light scarlet. Flesh medium red, rather soft, 
considerably acid, not high in flavor, poor to fair in quality. Not 
desirable in size or shape. 


Almo.— (J. A. Bauer, Judsonia, Ark.) Imperfect. Originated 
in 1902 and introduced in 1905 by J. A. Bauer, Judsonia, Arkansas. 
Grown from seed obtained by crossing Clyde and Crescent. Plants 
medium in number, vigorous, healthy, productive. Leaves large, 
dark green; leaf stems long, thickish. Fruit stems of fair length, 
thick, double, semi-erect. Blooms in midseason, ripens early, picks 
easily. Calyx small to medium, discolored, slightly sunken to flat. 
Seeds depressed to medium. Fruits large, drops rapidly in size as 
the season advances, attractive roundish conic, dark glossy scarlet. 
Flesh well colored, very firm, agreeably acid, not high in flavor, 
quality fair. A dark red berry of desirable shape. 


Amanda.— (J. Whitt, Vermilion, O.) Perfect. Originated by 
Z. T. Mumma, Bluffton, Ohio, in 1904. The stock is now con- 
trolled by Mr. Whitt. Not yet introduced to the trade. A seedling 
of Sample crossed with Maximus. Plants very numerous, vigorous, 
subject to attacks of leaf blight, a heavy yielder. Leaves of average 
size and color; leaf stems long, medium to slender. Fruit stems 
long, medium to very thick, branched, somewhat erect. Blooms 
late, ripens in midseason, picks easily. Calyx medium in size, some- 
what discolored, sunken to flat. Seeds strongly depressed. Fruit 
of large size which holds well throughout the season, wedge t9 
~roundish conic, light and dark scarlet, slightly glossy. Flesh well 
colored, very firm, agreeably acid, pleasant flavor, quality good. 
Has many qualities which commend it for more extended trial. 


Arkansas Black. —(M. Crawford Co., Cuyahoga Falls, O.) 
Perfect. Originated in 1900 by Louis Hubach, Judsonia, Arkansas, 
and introduced about 1904 by Hubach and Hathaway, of that place. 
Mr. Hubach states that it is a seedling of Lucretia Dewberry 
crossed with one of his seedling strawberries. Although twelve 
plants were set of this variety, nearly all failed to grow. The re- 
mainder appeared to be moderately vigorous, productive and healthy. 
Calyx medium to small, often discolored, usually slightly raised. 
Seeds depressed. Fruit large to medium, roundish conic, blunt, 
very dark scarlet. Flesh of good color, firm, mildly acid, agreeable 
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flavor, good to very good in quality. The few plants fruiting would 
indicate an early season. The color of fruit is the darkest of all 
the varieties described in this bulletin. Not enough plants for a 
satisfactory test. 


Arnouts.—(W. F. Allen, Salisbury, Md.) Perfect to semi-per fect. 
Originated by J. R. Arnout of Pennsylvania. Plants medium in 
number and vigor, susceptible to attacks of leaf blight, very pro- 
ductive, yielding at the rate of 14,409 quarts per acre. Leaves of 
average size and color; leaf stems medium in length, rather slender. 
Fruit stems medium to long, inclined to thick, prostrate. Blooms 
and ripens in midseason, picks medium easily. Calyx medium to 
small, often discolored, slightly depressed. Seeds numerous, some- 
what sunken, slightly hairy. Fruit large to medium, wedge to 
roundish conic, surface irregularly furrowed, rather dull dark scar- 
let. Flesh medium red, firm, mildly acid, quality good. Irregular 
in shape, inclined to green tips, seedy appearance, dull, unattractive, 
wrinkled surface. Chief value appears to be productiveness. 


Blaine.— (J. W. Blaine, Polk City, Iowa.) Semi-perfect to 
perfect. Originated by Mr. Blaine in 1902, and first sent out in 
1907. Thought to be a cross of Beder Wood and Lovett as the 
original plant was found in a patch of these varieties. Plants 
numerous, vigorous, subject to mildew, below medium in productive- 
ness. Leaves of medium size and color, inclined to curl on account 
of mildew. Leaf stems long, medium to thick. Fruit stems long, 
inclined to thick, somewhat erect. Blooms and ripens late, picks 
easily. Calyx large, leafy, attractive green, flat to raised. Seeds 
raised, numerous. Fruit large to medium, retains size well through- 
out the season, blunt, roundish conic, medium to light attractive 
scarlet. Flesh medium red, very firm, pleasant acid, agreeable 
flavor, very good in quality. Some berries rather light in color. 
Worthy of further testing. Flesh characters desirable. 


Bountiful.— (J. E. Kuhns, Cliffwood, N. J.) Perfect. First 
fruited in 1899 by Mr. Kuhns and introduced by him in the spring 
of 1908. Said to be a seedling of Glen Mary probably crossed 
with Clyde. Plants numerous, vigorous, susceptible to attacks of 
leaf blight, above medium in productiveness. Leaves rather large, 
medium dark green. Leaf stems above medium in length, inclined 
to slender. Fruit stems medium to short, variable in thickness. 
Blooms early in midseason, ripens slightly before midseason, picks 
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medium easily. Calyx medium to rather small, often discolored, 
sometimes slightly sunken. Seeds numerous, somewhat depressed. 
Fruit large to medium, retains size well in late pickings, roundish 
conic, medium dark scarlet. Flesh well colored, firm, mildly acid, 
pleasant flavor, quality good. In later pickings many berries hard 
and seedy at apex. The fruit is medium attractive ranking slightly 
above the average in general appearance and in flesh characters. 


Bradley.— (Geo. R. Schauber, Ballston Lake, N. Y.) Perfect. 
Originated at Cobden, Illinois, by J. H. Bradley, about 1896. A 
seedling of Crescent open to chance pollination by Tennessee Prolific 
and Crystal City. Plants of medium number, somewhat vigorous, 
healthy, very productive. Leaves medium to large, dark green 
Leaf stems inclined to long, slender. Fruit stems long, not thick, 
often single, semi-erect. Blooms and ripens in midseason, picks 
easily. Calyx of average size, not leafy, rather pale green, sunken. 
Seeds variable in depth. Fruit large to medium, varies considerably 
in size, irregular roundish conic to slight wedge, dull light to 
medium dark scarlet. Flesh rather light colored, medium to firm, 
rather acid, not high in flavor, quality poor to fair. Not equal to 
the best standard varieties. 


Cardinal.—(G. J. Streator, Garrettsville, O.) Imperfect. A 
self-sown seedling originated by Mr. Streator in 1896. Nothing 
is certain concerning its parentage but it is thought to be of War- 
field descent. The stock was sold to the Templin Company, Calla, 
Ohio, who introduced the variety in the spring of 1905. Plants 
very numerous, vigorous, healthy, productive. Leaves medium to 
large, dark green; leaf stems above medium to long, rather thick. 
Fruit stems variable in length, stout, often double, semi-erect. 
Blooms and ripens about midseason, picks easily. Calyx medium to 
Jarge, leafy, usually not depressed, often discolored. Seeds raised, 
numerous. Fruit above medium to large, retains its size fairly well 
till close of season, roundish conic, sometimes inclined to wedge, 
slightly necked, rather dark, dull or sometimes glossy scarlet. Flesh 
good color, firm, juicy, rather acid, agreeable flavor, quality good. 
‘Tas many qualities which commend it. 


Carrie Silvers.—(J. H. Black, Son & Co., Hightstown, N. J.) 
Imperfect. Originated in 1893 by Black, Son & Co., and intro- 
duced by them in 1899. A seedling of Sharpless and Warfield 
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crossed by Parker Earle. Plants medium to numerous, vigorous, 
healthy, productive. Leaves above medium to very large, dark 
green; leaf stems long, medium to thick. Fruit stems inclined to 
short, single, prostrate. Blooms and ripens in midseason, picks med- 
ium easily. Calyx of fair size, slightly reflexed, medium green, some- 
what raised. Seeds raised slightly. Fruit large, drops rapidly ia 
size as the season advances, slightly elongated to roundish conic, 
blunt at apex, inclined to a neck at base, attractive, glossy, medium 
dark scarlet. Flesh dark red, firm, pleasant acid, agreeable flavor, 
good to very good. Excellent showing. Has many qualities to 
commend it for trial. 


Chesapeake.— (W. F. Allen, Salisbury, Md.) Perfect. Takes 
its name from Chesapeake Bay. Plants few, rather vigorous, 
healthy, productive. Leaves above medium in size, rather dark 
green; leaf stems medium to above in length, inclined to thick. 
Fruit stems medium to above in length, thick, usually branched, 
semi-erect. Blooms late, ripens in midseason, picks easily. Calyx 
large, leafy, attractive green, slightly depressed. Seeds markedly 
raised, numerous. Fruit large, roundish conic to wedge, surface 
plump, unbroken by furrows, attractive glossy scarlet. Flesh fairly 
good color but sometimes rather light, very firm, mildly acid, 
pleasant flavor, quality good to very good. Plants should be set 
closer than most varieties. The plump, glossy surface, smooth ex- 
cept for the raised seeds, is characteristic of this variety. Worthy 
' of extended trial. 


Chipman.— (W. S. Todd, Greenwood, Del.) Perfect. Found 
by a Mr. Chipman, at Lincoln, Delaware, about 1901, growing in 
a plantation of Bubach and Tennessee Prolific. Introduced in 1907 
by Mr. Todd. Plants very numerous, medium to vigorous, healthy, 
productive. Leaves of fair size, dark green; leaf stems medium to 
long, rather slender. Fruit stems inclined to long, thick, often 
branched, prostrate. Blooms and ripens early, picks easily. Calyx 
inedium to large, sometimes leafy, light green, flat. Seeds sunken. 
Fruit large to medium, wedge to roundish conic, sometimes slightly 
elongated, surface somewhat irregular, rather attractive light and 
dark scarlet, becoming duller as the season advances. Flesh slightly 
light color, medium in firmness and juiciness, mild acid, pleasant but 
not high flavor, fair to good. Lacks somewhat in juiciness and in 
flavor. Size variable. 
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Columbia.— (J. B. Wild & Bros., Sarcoxie, Mo.) Imperfect. 
Plants very numerous, strongly vigorous, healthy, very produc- 
tive. Leaves unusually large, dark green; leaf stems long, very 
trick. Fruit. stems long, thickish, often single, rather erect. 
Blooms and ripens late, picks easily. Calyx above medium to large, 
oiten leafy, usually slightly sunken. Seeds numerous, raised. 
Fruit large, often very large, wedge to roundish conic, attractive, 
glossy, light scarlet. Flesh well colored, firm, agreeably acid, 
pleasant flavor, good to very good in quality. Retains size well as 
the season advances. Desirable in size, color and shape. Flesh 
characters good. One of the most promising kinds. 


Colossus.— (Geo. R. Schauber, Ballston Lake, N. Y.) Imper- 
fect. Plants medium in number and vigor, healthy, productive. 
Leaves small to medium, dark green; leaf stems short to medium, 
slender. Fruit stems inclined to short, medium to slender, often 
single, prostrate. Blooms in midseason, ripens early, does not pick 
easily. Calyx medium to below in size, slightly leafy, attractive 
green, reflexed, flat to slightly sunken. Seeds variable in depth. 
I'ruit large to medium, retains size well in later pickings, wedge to 
roundish conic, rather blunt, attractive, medium dark scarlet. Flesh 
medium red to light colored, firm, mildly acid, not high flavor, of 
fair quality. Attractive shape. Characters desirable except in 
flavor and quality. 


Commander.— (Flansburgh & Potter, Leslie, Mich.) Perfect. 
This variety is of French stock imported and sold first in this 
country by J. H. Goldsburg, of Washington, D. C. Plants numer- 
ous, vigorous, susceptible to attacks of leaf blight, productive. 
leaves medium to large, dark green; leaf stems of average length, 
rather slender. Fruit stems medium to above in length, of average 
thickness, rather prostrate. Blooms and ripens in midseason, picks 
medium easily. Calyx medium to above in size, often discolored, 
usually slightly raised. Seeds depressed. Fruit very large to 
medium, varies in shape from irregular wedge to roundish conic or 
slightly elongated, surface irregularly furrowed, light to dark scar- 
let, does not color uniformly. Flesh medium well colored, very 
irild, not juicy, inferior in flavor and quality. Coarse in general 
appearance. Fruit runs small in later pickings. 


Dighton Rock.— (J. H. Hale, South Glastonbury, Conn.) Per- 
fect. Plants few in number, below medium in vigor, healthy, pro- 
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ductive. Leaves small to medium, of average color. Leaf stems 
rather short, moderately thick. Fruit stems short to medium, often 
very thick, double, prostrate. Blooms and ripens in midseason, 
picks medium easily. Calyx medium to large, leafy, flat to slightly 
raised. Seeds sunken. Fruit large to medium, dropping rapidly 
in size as the season advances, attractive roundish conic, very 
blunt, medium to dark glossy scarlet. Flesh dark red, firm, agree- 
ably acid, highly flavored, very good to best in quality. Unusually 
promising in flesh characters. Fruit runs small in late pickings. 
Worthy of trial. 


Early Beauty.— (Woodlawn Nurseries, Rochester, N. Y.) 
Perfect. Originated in Iowa. Plants numerous, vigorous, healthy, 
pr-ductive. Leaves medium to small, medium green; leaf: stems 
long, slender. Fruit stems long, not thick, branched. Blooms and 
ripens early. Picks easily. Calyx large to medium, leafy, attractive 
green, slightly sunken to flat. Seeds slightly depressed. Fruit 
above medium to small, roundish conic to slightly elongated, apex 
variable, often sharp pointed, surface of largest berries irregular, 
light to medium red. Flesh whitish, medium to firm, mildly sweet, 
not high in flavor, quality fair. Too small, and unattractive in 
color. 


Echo. — (Woodlawn Nurseries, Rochester, N. Y.) Perfect. 
Introduced by the Woodlawn Nurseries. Plants of medium num- 
ber, vigorous, slightly attacked by leaf blight, above medium in 
productiveness. ~Leaves medium to below in size, moderately light 
green; leaf stems of fair length, rather slender. Fruit stems 
medium to long, thick, usually double, somewhat erect. Blooms and 
ripens in midseason. Calyx medium to rather large, often leafy, 
slightly sunken. Seeds depressed. Fruit large to medium, drops in 
size as the season advances, roundish conic, apex very blunt, dull 
scarlet. Flesh whitish, juicy, rather firm, pleasant flavor, good to 
very good in quality. The fruit picks easily but lacks in size and is 
unattractive in color. | 

Edwards No. 1—(M. B. Edwards, Franklin, N. Y.) Imperfect. 
A wildling found growing in a meadow in 1896 by Mr. Edwards. 
Parentage unknown. Plants very numerous, vigorous, healthy, pro- 
ductive. Leaves small to medium, rather dark green; leaf stems 
long, inclined to slender. Fruit stems often very long, slender, 
single, semi-erect. Blooms in midseason, ripens slightly after mid- 
season, picks medium easily. Calyx medium to large, slightly leafy, 
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often pale green, flat. Seeds raised, numerous, giving a “ seedy ” 
appearance. Fruit medium to large, drops to small as the season 
advances, blunt wedge to roundish conic, rather attractive, medium 
dark scarlet. Flesh medium red, firm, rather acid, not high flavor, 
fair to good. With the exception of size and flavor, characters are 
desirable for a tart variety. 


Ekey.—(M. Crawford Co., Cuyahoga Falls, Ohio.) Perfect. 
Originated in 1898 by E. H. Ekey, Steubenville, Ohio, and intro- 
duced by him in 1906. A seedling of Warfield fertilized by Bel- 
mont. Plants of medium number and vigor, susceptible to attacks 
of leaf blight and mildew, productive. Leaves of medium size and 
color; leaf stems short to medium, inclined to slender. Fruit stems 
short, thick, branched, prostrate to semi-erect. Blooms in mid- 
season, ripens early, picks easily. Calyx large, leafy, discolored, 
flat to raised. Seeds raised to medium. Fruit large to medium, re- 
tains size well throughout the season, conical, strongly elongated, 
sharp pointed, dull, unattractive dark scarlet. Flesh dark red, me- 
dium to firm, considerably acid, unpleasant flavored, poor in quality. 
Many green tips. Undesirable. 


Elma.—(M. Crawford Co., Cuyahoga Falls, Ohio.) Imperfect. 
Originated in 1900 by J. H. Black, Son & Co., Hightstown, New 
Jersey, and introduced by them in 1904. Robbie and Nettie were 
crossed producing a seedling which was crossed with Joe, thus giv- 
ing Elma. Plants very few, medium in vigor, healthy, not pro- 
ductive. Leaves medium in size and color; leaf stems of fair 
length, inclined to slender. Fruit stems short to medium, variable 
in thickness, single, prostrate. Blooms late, ripens after midseason, 
picks medium easily. Calyx of fair size, not leafy, pale green, flat. 
Seeds raised. Fruit large to medium, retains size well as the season 
advances, blunt, roundish to slight wedge, light to medium scarlet. 
Flesh light color, firm, pleasant acid, agreeable flavor, quality good. 
Surface berries often not evenly colored. Should be planted closer 
than most varieties. 


Ernie—(A. R. Weston & Co., Bridgman, Mich.) Perfect. 
Originated by Dr. S. M. Mandlin, Bridgman, Michigan, in 1895. 
Introduced by Weston & Company in 1903. Parentage unknown. 
Plants medium in number, medium to vigorous, healthy, productive. 
Leaves above medium to large, dark green; leaf stems medium to 
long, slender to medium. Fruit stems variable in length, thickish, 
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double, prostrate. Blooms in midseason, ripens medium early, picks 
easily. Calyx medium to large, leafy, attractive green, variable in 
position, detaches easily. Seeds numerous, raised. Fruit above 
medium to large, drops in size as the season advances, roundish 
conic to slightly elongated or irregular wedge, surface of large ber- 
ries furrowed, attactive, glossy, dark scarlet. Flesh of good color, 
firm, agreeably acid, high flavor, good to very good. General ap- 
pearance slightly seedy. Has a number of desirable characters. 


Excelsior.—(W. F. Allen, Salisbury, Md.) Perfect. Originated 
in 1890, by Louis Hubach, Judsonia, Arkansas, and introduced by 
J. C. Bauer of that place in 1892. A seedling of Hoffman crossed 
with Wilson. Plants medium in number and vigor, healthy, not very 
productive. Leaves medium to below in size, light green; leaf 
stems of average length, moderately slender. Fruit stems short, 
slender, usually double, prostrate. Blooms and ripens early, does 
not pick easily. Calyx small, not leafy, often discolored, sunken. 
Seeds numerous, depressed. Fruit above medium to small, roundish 
conic, often blunt at apex, attractive dark scarlet when well ripened. 
Flesh well colored, firm, rather tart, hardly good in flavor or qual- 
ity. Color and shape quite similar to smaller berries of Rough 
Rider. Although early, size too small for commercial purposes. 


Fairfield.—(M. Crawford Co., Cuyahoga Falls, O.) Perfect. 
A chance seedling found in an old peach orchard by Martin John- 
son of New Jersey, previous to 1900. Introduced in the spring of 
1902 by the West Jersey Nursery. Plants medium in number, 
rather vigorous, healthy, unproductive. Leaves medium to above 
in size, light green; leaf stems inclined to long and slender. Fruit 
stems short to medium, variable in thickness, usually double, pros- 
trate. Blooms and ripens early, picks easily. Calyx rather large, 
reflexed, attractive color. Seeds numerous, medium sunken to some- 
what raised. Fruit large at first pickings, drops rapidly to small 
as the season advances, roundish conic to slightly elongated, often 
sharp pointed, surface of large berries furrowed, attractive light 
to dark scarlet. Flesh well colored, medium to firm, mildly acid, 
lacking somewhat in flavor and quality, ranks no more than fair. 
Slightly earlier than Excelsior or Oaks Early. Somewhat less vigor- 
ous than Oaks Early. On account of earliness may have some value 
although undesirable in flavor and p1ductiveness. 


Florella— (M. Crawford Co., Cuyahoga Falls, O.) Perfect. 
Originated in 1896 by J. P. H. Brown, Augusta, Georgia. Parent- 
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age, a cross between Bubach and Lady Thompson. Mr. Brown 
distributed plants among nurserymen and others in 1904. Plants 
few, medium in vigor, healthy, unproductive. Leaves above medium 
in size, moderately dark green; leaf stems short to medium, inclined 
to slender. Fruit stems short, thick, branched, prostrate. Blooms 
and ripens early, picks easily. Calyx medium to large, rather leafy, 
usually an attractive green, flat to slightly sunken. Seeds variable 
in depth. Fruit variable in size, roundish conic to wedge or some- 
times elongated, medium dark glossy scarlet. Flesh medium red, 
rather firm, somewhat acid, not high in flavor, fair to good. Not 
equal to best varieties. 


Gem.—(Slaymaker & Son, Dover, Del.) Imperfect. Plants 
rather few, medium in vigor, healthy, productive. Leaves medium 
to large, of average color; leaf stems medium in length, inclined to 
thick. Fruit stems medium to long, thick, often single, semi-erect 
to prostrate. Blooms and ripens in midseason, picks easily. Calyx 
rather small, not leafy, very pale green, flat to slightly sunken. 
Seeds variable in depth. Fruit above medium to medium in size, 
decreases as the season advances, conical, often sharp pointed, un- 
attractive light scarlet. Flesh almost white, medium firm, mild, low 
in flavor, of poor quality. Unpromising. 


Gill—(M. Crawford Co., Cuyahoga Falls, O.) Perfect. Origi- 
nated about 1898 by E. H. Ekey, Steubenville, Ohio, and introduced 
by him in 1906. Thought to be a result of crossing Beder Wood 
and a seedling of Bubach. Plants very few, weak, unhealthy in 
appearance, very unproductive. Leaves medium to small, yellowish 
green; leaf stems of average size, short. Fruit stems short to 
medium, thick, double. Blooms and ripens very early, picks medium 
easily. Calyx small to medium, discolored, flat. Seeds slightly 
raised to medium. Fruit medium to small, irregular in shape, 
averaging roundish conic, blunt, medium dark scarlet. Flesh 
whitish, moderately firm, mildly acid, low in flavor, of poor quality. 
Undesirable as fruited here. 


Gladstone.—(Ellwanger & Barry, Rochester, N. Y.) Perfect. 
Originated about 1893 by F. F. Merceron, Catawissa, Pa., and in- 
troluced by him a few years later. Said to be a seedling of Sharp- 
less. Plants rather few in number, vigorous, healthy, below medium 
in productiveness. Leaves medium to large, of medium color; leaf 
stems inclined to long, rather slender. Fruit stems medium to long, 
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stout, nearly prostrate. Blooms and ripens slightly after midseason, 
Calyx medium to rather small, attractive in color, often raised, 
Seeds usually sunken. Fruit large to above medium, wedge shape, 
attractive medium dark scarlet. Flesh well colored, medium firm, 
mildly acid, quality good. Retains size well in later pickings ; hardly 
firm enough for long shipments; attractive color. 


Golden Gate.—(S. H. Warren, Weston, Mass.) Semi-perfect. 
Originated in 1903 by Mr. Warren, and introduced by him in 1906, 
Thought to be a seedling of Marshall but parentage is uncertain. 
Plants medium to numerous, vigorous, healthy, very productive. 
Leaves large, dark green; leaf stems above medium in length, thick, 
branched, ‘prostrate. Blooms in midseason, ripens medium early, 
picks easily. Calyx large, leafy, attractive green, slightly raised to 
flat. Seeds numerous, raised. [Fruit very large to above medium, 
wedge shape, often slightly inclined to a neck, attractive medium to 
dark scarlet, glossy. Flesh variable in color, very firm, mildly acid, 
pleasant flavor but not high, quality good. Has many qualities to 
commend it. 


Good Luck.—(W. F. Allen, Salisbury, Md.) Perfect. Intro- 
duced by Mr. Allen. Plants medium to below in number, very 
vigorous, healthy, below medium in productiveness. Leaves large, 
medium dark green; leaf stems long, medium to slender. Fruit 
stems medium to very long, thick, double, prostrate to semi-erect. 
Blooms late, ripens in midseason, picks easily. Calyx medium to 
large, leafy, attractive green, flat. Seeds numerous, raised. Fruit 
large to above medium, retains size well as season advances, blunt 
wedge to roundish conic, attractive medium dark scarlet. Flesh 
medium red, firm, sprightly acid, pleasant flavor, good to very good. 
Worthy of more extended trial. 


Gov. Rollins.—(M. Crawford Co., Cuyahoga Falls, O.) Per- 
fect. Originated from seed sown about 1900 by Benj. M. Smith, 
Beverly, Massachusetts. Introduced in 1906 by J. T. Lovett, Little 
Silver, New Jersey. Parentage unknown. Plants medium in num- 
ber, rather vigorous, healthy, above medium in productiveness. 
Leaves inclined to large, dark green; leaf stems medium to long, 
somewhat slender. Fruit stems short to medium, thick, often 
double, semi-erect.. Blooms and ripens in midseason, picks medium 
easily. Calyx very large, leafy, rather dark green, sometimes dis- 
colored, flat to slightly raised. Seeds numerous, raised. Fruit 
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large to above medium, retains size well till close of season, de- 
eidedly variable in first pickings, improving later, varies from cox- 
<omb to wedge or roundish conic, surface irregularly furrowed, dull 
medium to dark scarlet. Flesh good color, firm, mildly acid, 
pleasant flavor, good to very good. Requires care in picking to 
avoid green tips. General appearance somewhat seedy. Worthy 
of more extended trial. 


~Great Scott—(S. H. Warren, Weston, Mass.) Imperfect. 
Originated in 1902 by John Scott, Newton, Massachusetts. Intro- 
duced in 1904 by Mr. Warren. A hand pollenized seedling of 
Bubach and Belmont. Plants few, below medium in vigor, healthy, 
ainproductive. Leaves of medium size, light green; leaf stems. be- 
‘low medium in length, slender. [Fruit stems short to medium, 
variable in thickness, often double, prostrate. Blooms and ripens 
in midseason, picks easily. Calyx medium in size, not leafy, re- 
‘flexed, decidedly sunken. Seeds sunken. Fruit very large to me- 
dium, retains size well in later pickings, roundish conic to decided 
wedge, sometimes double, light to dark glossy scarlet. Flesh me- 
dium red, firm, considerably acid, not high in flaver, poor to fair in 
.quality. Berries strongly and characteristically flattened. Sur- 
_ passed by other varieties. 


“Helen Gould.—(M. Crawford Co., Cuyahoga Falls, O.) Im- 
‘perfect. Originated by J. R. Peck, Breckenridge, Missouri, about 
1896. Introduced in the spring of 1907 by the Crawford Com- 
pany. It is a seedling of Jewell fertilized by Jessie. Plants very 
few, not vigorous, healthy, unproductive. Leaves small to medium, 
moderately light green; leaf stems short, slender to medium. Fruit 
stems very short, thick, double, prostrate. Blooms and ripens in 
midseason, picks rather easily. Calyx of average size, unattractive 
in color, flat. Seeds sunken to medium. Fruit above medium to 
medium in size, roundish conic to blunt wedge, dull, dark scarlet. 
Flesh dark red, firm, agreeably acid, pleasant flavor, fair to good. 
Unattractive in general appearance. 


Hummer.—(W. F. Allen, Salisbury, Md.) Perfect. Introduced 
by Mr. Allen.. Plants numerous, vigorous, slight amount of leaf 
blight, above medium in productiveness. Leaves large to very large, 
dark green; leaf stems above medium in length, thickish. Fruit 
stems medium to long, thick, usually branched, somewhat erect. 
Blooms in midseason, ripens slightly after midseason, picks easily. 
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Calyx medium to large, leafy, sometimes discolored, reflexed, usually 
slightly raised. Seeds somewhat sunken. Fruit very large to me- 
dium, varies from irregular wedge to roundish conic or slightly 
elongated, surface of large berries irregularly furrowed, dull light 
and dark scarlet. Flesh light colored, medium to firm, mild, of fair 
quality. Unattractive in color and shape. Variable in size through- 
out the season. 


Hundred Dollar.—(L. J. Farmer, :Pulaski, N. Y.) Perfect. 
Plants few, vigorous, healthy, very productive. Leaves large, med- 
ium dark green; leaf stems medium to above in length, medium to 
slender. Fruit stems rather long, slender, often branched. Blooms 
and ripens in midseason, picks easily. Calyx medium to large, 
rather leafy, attractive green, flat. Seeds sunken. Fruit large to 
medium, retains size well as season advances, wedge to roundish 
conic, light and dark scarlet. Flesh medium red, firm, mild, pleasant 
but not high flavor. Slightly coarse in appearance. Lacks in juici- 
ness. 


*Joe.— (J. H. Black, Son & Co., Hightstown, N. J.) Perfect. 
Originated by Black, Son & Company, fruiting for the first time in 
1893, and introduced by them in 1899. A seedling of Middlefield 
and Chairs was crossed with Sharpless and one of the best seedlings 
obtained in this way was crossed with Gandy. The most promising 
of this cross was named Joe. Plants few, vigorous, healthy, pro- 
ductive when planted closer than most varieties. Leaves medium to 
very large, medium dark green; leaf stems long, thick. Fruit stems 
long, thick, usually double, semi-erect. Blooms late, ripens in mid- 
season or slightly later, picks easily. Calyx averages medium in 
size but often large, rather leafy, usually flat. Seeds numerous, 
raised. Fruit above medium to very large, blunt, roundish conic or 
irregular wedge, surface often furrowed, attractive glossy dark scar- 
let. Flesh dark red, very firm, agreeably acid, high in flavor, very 
good in quality. On account of making few runners the plants 
should be set closer than most varieties. Has many qualities that 
commend it, especially large size of fruit which is well retained as 
the season advances, attractive color, and desirable flavor and quality. 
Requires care in picking to avoid green tips. 


Kansas.—(W. F. Allen, Salisbury, Md.) Imperfect. Origi- 
nated in 1899 by J. J. Wittman, Emporia, Kansas, and introduced 


*Plants were set 3 ft. x 10 inches. 
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by Mr. Allen in the spring of 1900. Said to be chance seedling of 
unknown parentage. Plants medium to numerous, of average vigor, 
uninjured by leaf blight, productive. Leaves medium in size, rather 
pale green; leaf stems of fair length, inclined to slender. Fruit 
stems medium long, thick, usually single. Blooms and_ ripens 
slightly after midseason. Calyx large, leafy, usually in a depression. 
Seeds slightly raised. Fruit averages above medium to medium in 
size, decreases as the season advances, roundish conic to slight 
wedge, rather blunt, apex frequently ends in a depression, surface 
often irregularly furrowed, attractive medium dark scarlet. Flesh 
well colored, firm, juicy, mild acid, good to very good. Fruit aver- 
age slightly larger than in 1906 although too small for those 
markets requiring large size. With this exception it has many 
qualities that commend it to growers. 


King Edward.—(D. J. Miller, Millersburg, O.) Perfect. 
Originated by Mr. Miller in 1903, fruiting for the first time in 1904. 
Not yet introduced. <A seedling of the Miller. First named King 
but later changed to King Edward. Plants moderately numerous, 
somewhat lacking in vigor, healthy, very productive. Leaves of 
average size, moderately dark green; leaf stems medium to above in 
length, medium to thick. Fruit stems below average length, thick, 
usually single. Blooms and ripens in midseason. Calyx medium 
size, not depressed but sometimes on a slight neck. Seeds raised. 
Fruit above medium to medium in size, inclined to roundish conic 
or slight wedge, rather unattractive light scarlet. Flesh somewhat 
light in color, firm, mild, sweetish, agreeable flavor, good in quality. 
The berries are not well protected from the sun and drop rapidly in 
size as the season advances, running too small for a desirable com- 
mercial variety. 


Klondike—(W. F. Allen, Salisbury, Md.) Perfect. Origi- 
nated by R. L. Cloud, Independence, Louisiana. Plants few to 
medium, somewhat vigorous, healthy, unproductive. Leaves me- 
dium to large, rather dark green; leaf stems inclined to long, of aver- 
age size. Fruit stems rather long and thick, often single, somewhat 
erect. Blooms in midseason, ripens slightly before midseason, picks 
easily. Calyx medium to large, reflexed, strongly tinged with dull 
red, flat to slightly sunken. Seeds variable in position. Fruit large 
to medium, retains size as the season advances, blunt, roundish conic 
to slight wedge, dark, dull, unattractive scarlet. Flesh dark red, 
very firm, decidedly acid, unpleasant flavor, poor in quality. Un- 
desirable as grown here. 
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Latest.—(Flansburgh & Potter, Leslie, Mich.) Imperfect. 
Originated in 1895 by S. H. Warren, Weston, Massachusetts, and 
introduced by him in 1900. It is a seedling obtained by crossing 
Jewell and Belmont. Plants with few if any runners, of medium 
vigor, healthy, below medium in productiveness Leaves medium 
to below in size, of average greenness; leaf stems somewhat short, 
slender. Fruit stems short to medium, of fair thickness, semi-pros- 
trate, not well protected from the sun. Blooms in midseason, 
ripens slightly after midseason, picks easily. Calyx medium to 
above in size, rather leafy, slightly raised. Seeds slightly sunken. 
Fruit large to medium, very irregular in shape, unattractive light 
and: dark dull scarlet. Flesh whitish, moderately firm, mildly acid, 
of fair quality. Undesirable in shape and unattractive in color. 


Magnus.—Originated on Station grounds in 1899 and dissemi- 
nated by this Station in the spring of 1908. Parentage, Hunn X 
Marshall. The following description is taken from Bulletin No. 
298 (March, 1908) of this Station supplemented by notes taken 
during the past season. Blossoms imperfect. Plants medium to 
numerous, medium to above in height, productive. Leaves large, 
attractive dark green, attacked slightly by leaf blight in unfavorable 
seasons; leaf stems medium in length, thick. Fruit stems of aver- 
age length, variable in thickness, usually double, prostrate. Blooms 
late, ripens in midseason, picks easily. Calyx large and leafy, dark 
green, set in a slight depression. Seeds raised, often dark colored. 
Fruit above medium to very large, retains its size well as the sea- 
son advances, roundish conic to slightiy elongated and with pointed 
apex, light to very dark scarlet, showing Hunn blood, variable in 
color unless well ripened. Flesh rather light at center, firm, juicy, 
mildly acid, good to very good flavor and quality. The growth and 
color of foliage closely resemble Marshall, while the color of the 
fruit is that of the Hunn. When well colored, this variety ranks 
among the very best in size, attractiveness, and quality. It is 
thought that the Magnus will prove a very valuable new sort for 
home use. Its variable color is somewhat against it for the market. 
One of the most attractive of over fifty varieties fruited in 1908. 


Mark Hanna.—(M. T. Thompson, Rio Vista, Va.) Imperfect. 
A seedling of Bubach originated by Mr. Thompson in 1898 and in- 
troduced by him in r902. Plants numerous, vigorous, healthy, pro- 
ductive. Leaves of medium size and color; leaf stems medium to 
long, thickish. Fruit stems long, thick, usually double. Blooms 
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late in midseason, ripens in midseason, picks easily. Calyx of 
medium size, usually reflexed. Seeds numerous, sunken. Fruit 
large, retains good size until close of season, irregular in shape vary- 
ing from coxcomb or wedge to roundish conic, surface often irregu- 
larly furrowed, attractive light scarlet, glossy. Flesh of fairly good 
color, medium firm, juicy, agreeably tart, fair to good in quality. 
May have value where highest quality is not the first requisite. 
The general appearance of the largest berries is slightly coarse. 


Marshall.—(From bed in Station grounds.) Perfect. Origi- 
naied in 1!&gu and introduced in 1893 by M. F. Ewell, Marshfield 
Hills, Massachusetts. Plants only medium in number, medium to 
vigorous, considerably injured by leaf blight, rather unproductive. 
Leaves somewhat large, light to dark green; leaf stems of fair 
length, ick. Fruit stems medium in length, stout, usually double, 
prostrate. Blooms and ripens in midseason, picks easily. Calyx of 
medium size, sligthly discolored, somewhat depressed. Seeds 
sightly rarsed, rather large. Fruit very large to above medium 
when well grown, otherwise varying to below medium, roundish 
conic to wedge, surface often irregularly furrowed, attractive dark 
scarlet. Flesh well colored, firm, juicy, pleasant acid, of high flavor, 
good to very good. Unless well ripened, berries inclined to have 
greenish tips. A standard commercial variety variable in certain 
locations, not succeeding generally. Requires high culture. 


*Mead.—(J. H. Hale, South Glastonbury, Conn.) Perfect. 
Originated with O. E. Mead, Lunenberg, Massachusetts, about 
tweive years ago. Introduced to the trade by Mr. Hale in spring 
of 1994. Varentage unknown. Plants medium to below in number, 
rather vigorous, healthy, very productive. Leaves medium to 
large, dark green; leaf stems mediuin to above in length, of average 
thickness. Fruit stems variable in length and thickness, usually 
double, nearly prostrate. Blooms in midseason, ripens slightly 
after midseason, picks easily. Calyx medium to above in seize, some- 
what leafy, attractive color, flat to slightly sunken. Seeds vari- 
able in depth. Fruit very large to medium, roundish conic, very 
blunt, sometimes flattened or roundish, surface smooth, attractive 
light and dark glossy scarlet. Flesh good color, medium to firm, 
mildly acid, pleasant flavor, very good in quality. Good size of 


*Plants were set 3 ft. x 10 inches. 
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fruit in late pickings. Attractive. Varies somewhat in firmness. 
Should be planted closer than most varieties. 


Millionaire.—(The American Agriculturist, New York City.) 
Imperfect to semi-perfect. Originated by Henry Jerolaman, 
Hilton, New Jersey, in 1892. Not yet introduced to the trade. It 
is a cross between Hilton Gem and Mary. ‘The following descrip- 
tion was made from plants set in the fall of 1907: Plants vigorous, 
healthy, appear productive. Leaves very large, attractive dark 
green; leaf stems medium to above in length, thick. Fruit stems 
medium to long, thick, prostrate, often single. Blooms very late, 
ripens in late midseason, picks easily. Calyx medium to above in 
size, flat to slightly depressed. Seeds numerous, raised. Fruit 
large to above medium, variable in shape ranging from somewhat 
flattened to irregular conic, inclined to wedge, light scarlet. Flesh 
medium red, firm, agreeably acid, not high in flavor, of fair quality. 
Requires further testing to fully determine value but up to the 
present time does not appear to equal the best standard sorts. 


Miss Boston.—(J. H. Hale, South Glastonbury, Conn.) Im- 
perfect. Diants few, medium to below in vigor, healthy, pro- 
ductive. Jea.es rather small, medium dark green; leaf stems 
short to medium, inclined to slender. Fruit stems rather short, 
thick, often double, prostrate. Blooms in midseason, ripens 
medium early, picks moderately easily. Calyx large to medium, 
leafy, reflexed, pale green, flat to slightly sunken. Seeds variable 
in depth. Fruit large to medium, dropping to small as the season 
advances, attractive roundish conic to slight wedge, light to dark 
scarlet. Flesh good color, medium to firm, agreeably acid, only 
moderately juicy, fair to good. Fruit has many desirable char- 
acters. Plants lack somewhat in vigor. 


Morning Star.—(M. Crawford Co., Cuyahoga Falls, O.) 
Perfect. Originated about 1898 by M. T. Thompson, Rio Vista, 
Virginia, and introduced in 1904 by J. T. Lovett Co., Little 
Silver, New Jersey. Plants few in number, not very vigorous, 
healthy, very unproductive. Leaves medium to below in size, light 
green; leaf stems short to medium, slender. Fruit stems short, 
slender to medium, usually double, prostrate. Blooms early, ripens 
in midseason, does not pick easily. Calyx medium to large, often 
discolored. Fruit small to above medium, roundish conic, dark 
scarlet. Flesh well colored, firm, mild, pleasant flavor, good 
quality. Plants unproductive and fruit too small. 
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Mrs. Miller—(M. Crawford Co., Cuyahoga Falls, O.) Im- 
perfect. Originated in 1893 by D. J. Miller, Millersburg, Ohio. 
Introduced in the spring of 1905 by M. Crawford Company. 
Parentage unknown. Plants medium in number, moderately 
vigorous, slightly injured by leaf blight, below medium in pro- 
ductiveness. Leaves of average size and color; leaf stems. short 
to medium, variable in thickness. Fruit stems of medium length, 
thick, often single, prostrate. Blooms medium early, ripens in mid- 
season. Picks moderately easily. Calyx large to medium, leafy, 
slightly discolored, usually not sunken. Seeds somewhat depressed. 
Fruit large to medium, decreases rapidly in size in later pickings, 
varies in shape from wedge to roundish conic or slightly elongated, 
surface uneven, dark scarlet. Flesh well colored, nearly firm, agree- 
ably acid, quality good. The discolored calyx detracts from appear- 
ance and the fruit runs too small in later pickings. 


Nehrings Gem,—(M. Crawford Co., Cuyahoga Falls, O.) Im- 
perfect. Originated at Strasburg, Illinois, in 1891 by W. F. 
Nehring, who moved to Milo, Missouri, the following year. Intro- 
duced by the Crawford Company in 1906. Plants not numerous, 
vigorous, healthy, not very productive. Leaves large to very large, 
rather dark green; leaf stems long, quite thick. Fruit stems short 
to medium, thick, usually branched, prostrate. Blooms and ripens 
in midseason, picks medium easily. Calyx large, leafy, often re- 
flexed, decidedly sunken, often discolored in later pickings. Seeds 
slightly raised. Fruit above medium to large, drops in size in later 
pickings, usually roundish conic, sometimes irregular wedge, at- 
tractive dark scarlet. Flesh fairly well colored, firm, agreeably 
acid, quality good to very good. Plants should be set closer to 
secure good yields. Size variable in late pickings. Fairly good 
showing. 


Nettie —)]. H. Black, Son & Co., Hightstown, N. J.) Imper- 
fect. Originated in 1893 by Black, Son & Co., and introduced by 
them in 1899. A seedling of Bubach and Yale was crossed with 
Sharpless. One of the resulting seedlings was crossed with Gandy. 
This gave Nettie. Plants medium to rather numerous, vigorous, 
healthy, productive. Leaves large, attractive, dark green; leaf stems 
long, rather thick. Fruit stems long, thick, often single, inclined to 
erect. Blooms and ripens late, picks easily. Calyx medium to large, 
leafy, attractive green, slightly raised. Seeds usually sunken. Fruit 
very large to above medium, roundish conic or wedge to slightly 





PLATE XL.— STRAWBERRY TEST PLATS IN 1908, ABOVE; PoRTION OF Row OF 
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elongated, rather dull, light to medium scarlet. Flesh of fair color, 
medium to firm, rather acid, not high in flavor, no more than good 
in quality. Resembles Prof. Fisher in general appearance but is 
earlier. A rather showy late variety, not of highest flavor or 
quality. 


New Globe.—(W. F. Allen, Salisbury, Md.) Perfect. Plants 
medium in number and vigor, susceptible to attacks of leaf blight, 
very productive. Leaves medium to above in size, rather dark 
green; leaf stems of average length, thick. Fruit stems medium to 
long, thick, often double, somewhat erect. Blooms and ripens in 
midseason, picks medium easily. Calyx large to medium, often 
leafy, discolored, flat. Seeds sunken. Fruit large to below medium, 
decreasing as the season advances, very irregular in shape averaging 
roundish conic, surface unusually roughened and furrowed, unat- 
tractive dull medium scarlet. Flesh rather light, firm, considerable 
acid, not high in flavor, fair in quality. Coarse and unattractive in 
general appearance. The fruit-bud clusters before opening are con- 
spicuous, showing above the foliage. 


New Home.—(W. F. Allen, Salisbury, Md.) Perfect. Plants 
rather few, medium in vigor, healthy, unproductive. Leaves me- 
dium to below in size, ight green; leaf stems of average length, 
slender. Fruit stems medium to long, thick, usually double, some- 
what erect. Blooms in midseason, ripens slightly past midseason, 
picks easily. Calyx large, leafy, attractive green, slightly sunken. 
Seeds raised, terminating in short dark hairs which seem character- 
istic. Fruit averages above medium in size, decreasing as the sea- 
son advances, roundish conic, often depressed at apex, attractive 
light scarlet, some berries dark scarlet. Flesh fairly good color, 
very firm, mildly acid, fair in quality. Attractive in shape and 
color, a good shipper but deficient in size in late pickings. Plants 
set closer than most varieties. 


Nimrod.—(M. Crawford Co., Cuyahoga Falls, Ohio.) Perfect. 
Originated about 1898 by John F. Beaver, Dayton, Ohio, and intro- 
duced the fall of 1904 by the Crawford Company. Plants few in 
number, not vigorous, low in height, susceptible to attacks of leaf 
blight, very unproductive. Leaves of average size and color; leaf 
stems short and slender. Fruit stems very short, slender, often 
single. Blooms medium early, ripens slightly before midseason, does 
not pick easily. Calyx medium to rather large, often discolored, in- 
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clined to leafy, usually not sunken. Seeds raised, numerous. Fruit 
above medium to small, roundish conic, blunt, attractive light and 
dark scarlet. Flesh fairly good color, very firm, agreeably acid, 
good in quality. The plants lack in vigor and productiveness while 
the fruit runs too small for commercial purposes. 


North Shore—(W. F. Allen, Salisbury, Md.) Perfect. Origi- 
nated in 1898 by Wm. H. Monroe, Beverly, Massachusetts, and in- 
troduced about 1902. A seedling of Brandywine. Plants few in 
number, moderately vigorous, susceptible to attacks of leaf blight, 
not productive. Leaves of medium size and color; leaf stems short 
to medium, variable in thickness. Fruit stems short, usually thick, 
often single, prostrate. Blooms late in midseason, ripens slightly 
after midseason. Calyx large, leafy. Seeds slightly raised. Fruit 
large to medium, irregular in shape varying from wedge to roundish 
conic, rather dark dull scarlet. Flesh good firm color, mildly acid, 
pleasant flavor, good to very good in quality. Although of desirable 
flavor and quality, not equal to standard kinds as the plants are un- 
productive and subject to attacks of fungi. Color unattractive at 
first pickings but improves as the season advances. 


Oaks Early.—(W. F. Allen, Salisbury, Md.) Perfect. Found 
growing wild on William Tull’s farm, Maryland. Plants medium 
in number, vigorous, healthy, below medium in_ productiveness. 
Leaves rather large, dark green; leaf stems long, usually thick. 
Fruit stems medium to long, thickish, double, semi-erect. Blooms 
and ripens early, picks easily. Calyx large, rather leafy, often with 
a reddish tinge, slightly raised. Fruit above medium to medium in 
size, decreasing as the season advances, slightly elongated and with 
pointed apex, moderately attractive light to dark scarlet. Flesh well 
colore1, firm, agreeably acid, quality fair to good. Plants more 
vigorous than Excelsior; too many small berries in later pickings. 


Olympia-—(Woodlawn Nurseries, Rochester, N. Y.) Perfect. 
Plants few in number, moderately vigorous, susceptible to attacks 
of leaf blight, very unproductive. Leaves of average size and 
color; leaf stems medium to above in length, rather slender. Fruit 
stems short to medium, moderately thick, usually double, erect. 
Blooms medium early, ripens in midseason, picks easily. Calyx 
medium to above in size, often discolored, slightly depressed to 
flat, detaches readily from fruit in picking. Seeds raised, dark 
colored. Fruit varies from large to small, roundish conic, broad at 
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base, apex blunt, light scarlet. Flesh light colored, juicy, firm, 
rather acid, not high in flavor or quality. Although there are many 
large berries in the later pickings, the appearance is unattractive on 
account of the light color and the detached calyx. Surpassed in 
quality by standard kinds. 


Omega.— (A. V. Metcalf, Brunswick, Maine.) Perfect. Origi- 
nated in 1904 by Mr. Metcalf. Has not yet been introduced. A 
chance seedling found in an asparagus bed. Plants medium in 
number and vigor, considerable leaf blight, productive. Leaves me- 
dium to large, dark green; leaf stems short to medium, inclined to 
slender. Fruit stems not long, often single, somewhat erect. Blooms 
and ripens in midseason, picks medium easily. Calyx medium to 
large, sometimes leafy, attractive green, flat to sometimes slightly 
raised. Seeds raised. Fruit large to medium or below in later pick- 
ings, wedge to roundish conic, attractive medium to dark scarlet. 
Flesh good color, firm, quite acid, rather pleasant flavor, fair to 
good. Fairly good showing but appears subject to leaf blight. 


Oneida.— (Isaac Hildreth, Rome, N. Y.) Perfect. Originated 
in 1903 by Mrs. Hildreth. Not yet introduced. A seedling: of 
Sharpless. Plants very numerous, vigorous, nearly free from leaf 
blight, very productive. Leaves medium to above in size, rather 
dark green; leaf stems medium to long, slender. Fruit stems 
usually long, moderately thick, inclined to double. Blooms and 
ripens in midseason. Calyx large to medium, often leafy, usually 
not depressed, sometimes on a slight neck. Seeds sunken. Fruit 
variable in size, very large to medium, roundish conic to blunt wedge 
or sometimes slightly elongated, irregularly furrowed, light and 
dark scarlet. Flesh rather light, firm, aromatic, not very jucy, mild, 
fair to good in quality. Although the fruit retains its desirable size 
curing the late pickings, the general appearance is rather coarse and 
unattractive, and the flesh lacks in juiciness, flavor and in high 
quality. 


Oswego-—(L. J. Farmer, Pulaski, N. Y.) Perfect. Introduced 
in 1906 by L. J. Farmer, Pulaski, N. Y. Said to be a cross of 
Bubach fertilized by Sharpless. Plants few, vigorous, healthy, very 
productive. Leaves very large, dark green; leaf stems medium to 
long, inclined to slender. Fruit stems short to medium, very thick, 
double, prostrate. Blooms in midseason, ripens slightly before mid- 
season, picks easily. Calyx of medium size, not very leafy, medium 


504. REPORT OF THE HorTICULTURAL DEPARTMENT OF THE 


green, variable in position. Seeds sunken to medium, often dark 
colored. Fruit large, dropping to small as the season advances, 
roundish conic to wedge, surface often furrowed, dark scarlet. 
Flesh light red, variable in firmness, mildly acid, not high in flavor, 
quality good. Surpassed by other varieties. 


Pineapple Flavored.—(Greens Nursery Company, Rochester, 
N. Y.) Perfect... Originated by Mr.. Talmage, Mt. -MornissiNeaaas 
about 1896. Introduced by Greens Nursery Company about 1902. 
A chance seedling. Not the variety described by this Station in 
1889 under the name of Pineapple. Plants very numerous, vigor- 
ous, slight amount of leaf blight, above medium in productiveness. 
Leaves medium to large, of average color; leaf stems rather long, 
inclined to slender. Fruit stems medium to very long, of average 
thickness, often double, prostrate. Blooms in midseason, ripens 
slightly before midseason, picks easily. Calyx medium to small, not 
reflexed, often discolored, flat to slightly raised. Seeds raised. 
Fruit above medium to small, blunt, roundish conic, attractive me- 
dium to dark scarlet. Flesh rather light, very firm, of medium 
acidity, well flavored, fair to good in quality. Berries inferior in 
size. Attractive in shape and color. 


President.— (Slaymaker & Son, Dover, Del.) Imperfect. Or- 
iginated about 1900 by M. R. Hunt, Lambertville, N. J. Plants me- 
dium to numerous, vigorous, somewhat injured by blight, pro- 
ductive. Leaves large, dark green; leaf stems long, thick. Fruit 
stems medium to long, thick, usually double, inclined to prostrate. 
Blooms and ripens in midseason, picks easily. Calyx rather large, 
leafy, often slightly tinged with pink, flat. Seeds slightly depressed. 
Fruit of largest size, roundish conic, blunt, slightly furrowed, oc- 
casionally flattened, attractive bright scarlet. Flesh medium light 
color, firm, moderately juicy, mild, fair to good in quality. One of 
the largest and most attractive varieties in the Station collection 
but somewhat deficient in flavor and not of high quality. One of 
the most promising varieties where size and color are prime re- 
quisites. Growers report that plants not true to name are being sold 
as President. The sex of the blossom is one of the distinguishing 
characters. 


Pres. Roosevelt.— (L. J. Farmer, Pulaski, N. Y.) Imperfect. 
Originated and introduced by A. Y. Cathcoit, Bristol, Indiana. A 
seedling of Warfield X Clyde. Plants not very numerous, vigorous, 
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slightly injured by leaf blight, below medium in productiveness. 
Leaves of average size, medium dark green; leaf stems above me- 
dium in length, slender. Fruit stems short to medium, often slender, 
strongly branched, prostrate. Blooms in midseason, ripens early, 
picks easily. Calyx large to medium, reflexed, discolored, often 
raised on a long neck. Seeds variable in depth, often dark colored. 
Fruit above medium to small, irregular in shape, often elongated 
but varying to roundish, strongly necked, surface irregularly fur- 
rowed, medium to dark glossy scarlet. Flesh of good color, medium 
firm, agreeably acid, pleasant flavor, quality good. Hulls detach 
readily. Berries too small. 


*Prof. Fisher.— (Geo. R. Schauber, Ballston Lake, N.Y. Im- 
perfect. Originated by J. H. Black, Son & Co., Hightstown, New 
Jersey, and introduced by them in 1899. A seedling obtained by 
fertilizing Bubach with Sharpless was crossed with Brandywine. 
One of the resulting seedlings was named Prof. Fisher. Plants 
few, should be set closer than most varieties, vigorous, healthy, pro- 
ductive. Leaves very large, attractive dark green; leaf stems 
medium to slender, rather long. Fruit stems medium to long, semi- 
erect, often single, medium to slender. Blooms and ripens late, 
picks easily. Calyx medium to below in size, not leafy, often raised 
on a swollen neck. Seeds usually sunken. Fruit large, retains size 
well throughout the season, irregular wedge, surface furrowed, 
light scarlet. Flesh medium red, moderately firm, rather acid, not 
high in flavor, fair to good. Coarse in appearance, decidedly tart, 
large, late. Productive. 


Prolific.— Originated on Station grounds in 1899 and dissemi- 
nated by this station in 1908. Parentage, Sample X Marshall. The 
following description is taken from Bulletin No. 298 (March, 1908) 
of this Station supplemented by notes taken during the past sum- 
mer. Blossoms perfect. Plants very numerous, vigorous, unusu- 
ally productive, yielding on the Station grounds as high as 14,502 
quarts per acre. Foliage of good size, somewhat susceptible to leaf 
blight in unfavorable seasons, in color comparatively dark green; 
leaf stems long, thick. Fruit stems of medium length, stout and 
usually single, semi-erect. Blooms and ripens in midseason, picks 
easily. Calyx medium to below in size, not leafy, depressed to flat. 
Seeds numerous to somewhat raised. Fruit very large to above 


*Plants were set 3 ft. x 10 inches. 


505 ReEporT OF THE HorTICULTURAL DEPARTMENT OF THE 


medium, retains size well as the season advances, roundish conic to 
blunt wedge, rather light in color but nevertheless an attractive 
bright scarlet. Flesh firm, fairly good color at center, agreeably acid 
and of good flavor and quality. The color of fruit is slightly lighter 
than Marshall, possibly a merit for some markets. On account of 
its vigor, the great productiveness of its plants, and the attractive- 
ness of the large, well colored berries, this variety gives promise of 
taking front rank among standard commercial strawberries. 


Quality.— Originated on Station grounds in 1899 and dissemi- 
nated by this Station in the spring of 1908. Parentage, Hunn X 
Atlantic. The following description is taken from Bulletin No. 298 
(March 1908) of this Station supplemented by notes taken during 
the past summer. Blossoms variable, averaging semi-perfect. 
Plants numerous, usually fairly productive, somewhat injured by 
leaf blight, of average vigor. Leaves medium to large, dark green; 
leaf stems medium to below in length, rather stout. Fruit stems 
variable in length, stout, usually double, semi-erect. Blooms and 
ripens late, picks easily. Calyx medium to large, leafy, set in a 
slight depression or sometimes slightly raised, attractive green. 
Seeds sunken to slightly raised. Fruit above medium to very large, 
roundish conic to wedge, or varying to slightly elongated but blunt 
at apex, often necked, light and dark scarlet, glossy. Flesh good 
color to center of fruit, firm, mildly acid, good to very good in 
flavor and quality. Both plant and berry of Quality resemble the 
Hunn more than the Atlantic. It is also variable in sex. On the 
Station grounds it ranges through all gradations from perfect to 
imperfect. In 1908 there was a marked variation in shape and color 
of fruit, many berries assuming a dull, unattractive color and also 
appearing less promising in flesh characters. The type evidently 


does not appear to be fixed. 
\ 


Ridgeway.—(From bed in Station grounds.) Perfect. Origi- 
nated and introduced some years ago by M. H. Ridgeway of Indiana. 
Plants numerous, somewhat vigorous, healthy, productive. Leaves 
medium to above in size, light to dark green; leaf stems medium to 
above in length, variable in thickness. Fruit stems short, stout, 
usually double, prostrate to semi-erect. Blooms in midseason, 
ripens slightly after midseason, picks easily. Calyx large, leafy, 
attractive green, detaches readily from berry, flat to slightly raised. 
Seeds slightly sunken to raised. Fruit averages above medium in 
size, roundish or roundish conic to slight wedge, blunt pointed, 
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smooth surface, attractive light scarlet, often glossy. Flesh fair 
color, medium firm, juicy, good in quality. Not as good a shipper as 
some standard kinds. The calyx detaches readily in picking. Re- 
tains size in later pickings fairly well. 

Riehl No. 28.—(E. H. Riehl, North Alton, Ill.) Perfect. Orig- 
inated in 1895 by Mr. Riehl. It has not been introduced.. A seed- 
ling of Brandywine crossed with Ruby. Plants numerous, above 
medium in vigor, susceptible to attacks of leaf blight, productive. 
Leaves medium to large, of average color; leaf stems medium in 
length and thickness. Fruit stems intermediate in length, thick, 
semi-erect. Blooms in midseason, ripens early, picks medium easily. 
Calyx large, leafy, slightly reflexed, attractive green, flat to slightly 
sunken. Seeds numerous, slightly raised to medium. Fruit large to 
medium, dropping to small in late pickings, blunt, roundish conic to 
wedge, attractive dark scarlet. Flesh medium dark red, very firm, 
rather sweet, mild, good to very good. Has many qualities to com- 
mend it, but the plants suffer from fungi and berries run small to- 
wards close of season. 


Rough Rider.—(L. J. Farmer, Pulaski, N. Y.) Perfect. Said 
to be a cross of Bubach and Gandy originated in 1893 by Chas. 
Learned, and introduced in 1900 by L. J. Farmer. Plants medium 
in number, moderately vigorous to vigorous, slightly attacked by 
leaf blight, below medium in productiveness. Leaves of mediutn 
size and color; leaf stems above medium in length, rather slender. 
Fruit stems of fair length, variable in thickness, usually double. 
Blooms slightly past midseason, ripens rather late, picks easily. 
Calyx medium to below in size, rather leafy, often reflexed, sunken. 
Seeds depressed. Fruit large to above medium, retains good size 
through the season, wedge to roundish conic, rather dark attractive 
scarlet. Flesh well colored to center, firm, agreeably acid, pleasant 
flavor, quality good. A desirable late variety on account of size, 
attractiveness and good characters of flesh. 


Ruby.— (E. H. Riehl, North Alton, Ill.) Perfect. Originated 
in 1890 by Mr. Riehl and introduced by him in 1895. Thought to 
be a seedling of Crescent crossed with Sharpless. Plants medium 
in number and vigor, healthy, productive. Leaves small, medium 
light green, under surface hairy; leaf stems hairy, above medium in 
length, often very slender. Fruit stems variable in length, rather 
slender, often branched, prostrate. Blooms in midseason, ripens 
slightly before midseason, picks rather easily. Calyx medium to 
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above in size, often discolored, flat to sunken. Seeds variable in 
depth. Fruit variable in size ranging from large to medium, 
irregular wedge to roundish conic, dull, often unattractive dark scar- 
let. Flesh well colored to center, firm, agreeably acid, fairly well 
flavored, quality good. Dull in color and too dark for most markets. 
Surpassed by other kinds. 


Ryckman.—(G. E. Ryckman & Sons, Brocton, N. Y.) Perfect. 
Plants moderately numerous, vigorous, healthy, productive. Leaves 
medium to large, rather dark green; leaf stems long, variable in 
thickness. Fruit stems long, slender to thick, usually double. 
Blooms and ripens in midseason. Calyx large to small, leafy, usually 
slightly raised, attractive green. Seeds depressed to slightly raised. 
Fruit very large to medium, roundish conic to slight wedge some- 
times elongated, surface roughly furrowed, rather dull light to dark 
scarlet. Flesh medium light colored, firm, mild, not juicy, not high in 
flavor, fair to good in quality. The fruit 1s coarse in general ap- 
pearance and not uniform in size, while the flavor and quality are 
surpassed by other varieties of the same season. 


St. Louis.— (J. A. Bauer, Judsonia, Ark.) Perfect. Originated 
in 1904 and introduced in 1905 by Mr. Bauer. Grown from seed 
obtained by crossing Haviland with Lady Thompson. Plants of 
average number, vigorous, healthy, very productive. Leaves me- 
dium in size, slightly tinged with yellow; leaf stems long, slender. 
Fruit stems medium to long, rather slender, often double, prostrate. 
Blossoms in midseason, ripens early, picks very easily. Calyx large 
to medium, pale green, leafy, variable in position. Seeds variable 
in depth. Fruit large to medium, dropping to small in late pickings, 
variable in shape, often elongated conical, very light red. Flesh 
light colored, soft, of medium acidity, not high in flavor, poor in 
quality. Lacks character. Color unattractive. Poor shipper. 
above medium in length and thickness. Fruit stems short to me- 
dium, often very thick, double, somewhat prostrate. Blooms late, 
ripens in midseason, picks medium easily. Calyx of medium size, 
attractive green, flat. Seeds often deeply sunken. Fruit large to 
medium, retains size fairly well as season progresses, roundish to 
somewhat flattened, light to dark scarlet. Flesh medium red, very 
firm, pleasant acid, juicy, well flavored, quality good. Some berries 
slightly coarse in general appearance. Good shipper. 


Seneca—(L. D. Brundage, Dundee, N. Y.) Perfect. Originated 
in 1902 by Mr. Brundage and introduced by him in 1907. A chance 
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seedling of unknown parentage. Plants rather numerous, very vig- 
orous, healthy, unproductive. Leaves medium to large, somewhat 
light green; leaf stems very long, medium to slender. Fruit stems 
of medium length, rather thick, often single, semi-erect. Blooms 
and ripens in midseason, picks medium early. Calyx of fair size, 
not leafy, pale green, raised. Seeds variable in depth, often dark 
colored. Fruit large to medium, dropping to small as the season 
advances, inclined to roundish slightly necked, very light scarlet. 
Flesh light color or sometimes with tinge of yellow, soft, mild, not 
high in flavor, no more than fair in quality. Fruit too light in color 
and not a firm shipper. 


Senator Dunlap.—(L. J. Farmer, Pulaski, N. Y.) Perfect. Or- 
iginated about 1890 by J. R. Reasoner, Urbana, Illinois, and intro- 
duced by M. Crawford, Cuyahoga Falls, Ohio, in 1899- Parentage 
uncertain, but possibly a seedling of Warfield. Plants very numer- 
ous, vigorous, healthy, very productive. Leaves of medium size 
and color; leaf stems long, slender. Fruit stems long, medium slen- 
der, usually single. Blooms in midseason, ripens slightly before 
midseason, picks easily. Calyx medium to nearly large, reflexed, 
usually on a slight neck. Seeds medium or above in size as the 
season advances, roundish conic to slightly elongated, often with 
a slight neck, glossy attractive light and dark scarlet. Flesh well 
colored, medium to firm, rather mild, pleasant flavor, quality good. 
Inclined to produce too many plants. Although somewhat variable 
in size, is desirable on account of general attractiveness and desir- 
able flesh characters. 


Somerset Maid.—(J. H. Hale, South Glastonbury, Ct.) Perfect. 
Plants medium in number and vigor, healthy, productive. Leaves 
small, medium dark green; leaf stems short to medium, often very 
slender. Fruit stems short to medium, slender to thick, often sin- 
gle, semi-erect to prostrate. Blooms early, ripens in midseason, 
picks easily. Calyx medium to above in size, not leafy, dull green, 
flat to slightly raised. ‘Seeds numerous, raised slightly. Fruit 
above medium to small, somewhat elongated to roundish conic, sur- 
face often furrowed, medium dark scarlet. Flesh dark red, firm, 
agreeably acid, pleasant flavor, quality good to very good. General 
appearance slightly seedy. Inferior in size. 


Star.—(J. G. Harrison & Sons, Berlin, Md.) Perfect. Plants 
few, medium in vigor, healthy, unproductive. Leaves of medium 
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size, light green; leaf stems short to medium, inclined to slender. 
Fruit stems medium to above in length, variable in thickness, often 
double, prostrate to semi-erect. Blooms late, ripens in midseason, 
picks easily. Calyx small to medium, not leafy, variable in posi- 
tion, discolored. ‘Seeds raised, numerous. Fruit large to medium, 
retains size well as season advances, roundish conic to wedge, sur- 
face furrowed, dull, dark scarlet. Flesh dark red, firm, sweetish, 
mild, nearly good in quality. Tips seedy. Surpassed by better 
varieties. 


Stevens Late Champion.—(Flansburgh & Potter, Leslie, Mich.) 
Perfect to semi-perfect. Originated in 1897 and introduced in 1903 
by Arthur Stevens, Bridgeton, N. J. Said to be a seedling of Bay- 
view crossed with Pride of Cumberland. Plants few in number, 
vigorous, healthy, very unproductive. Leaves large to very large, 
dark green; leaf stems above medium in length, rather thick. Fruit 
stems of average length, somewhat erect. Blooms and ripens in 
midseason, picks easily. Calyx medium to above in size, often leafy, 
attractive green, slightly sunken. Seeds depressed. Fruit large, 
retains its size well through the season, irregular in shape, varying 
from coxcomb to wedge and roundish conic, attractive light scarlet. 
Flesh fairly well colored, firm, agreeably acid, pleasant flavor, 
quality good. Care must be taken in picking to avoid green tips. 
Has many qualities which commend it. Plants should be set closer 
than most varieties. 


“Three W.”—(Flansburgh & Potter Co., Leslie, Mich.) Per- 
fect. Originated in 1901 by W. W. Waliace, Harriman, Tennessee. 
Introduced by W. A. Mason, Clinton, Kentucky, in 1906. A chance 
seedling. Plants medium to few, below average vigor, healthy, very 
productive. Leaves small to medium, light green; leaf stems short, 
slender to medium. Fruit stems not long, very thick, double, pros- 
trate. Blooms and ripens in midseason, picks easily. Calyx 
medium to large, sometimes leafy, often discolored, raised to flat. 
Seeds sunken to medium. Fruit large to medium, dropping in size 
in later pickings, elongated roundish conic, sharp pointed, very dark 
scarlet. Flesh dark red, medium firm, mildly acid, pleasant flavor, 
good in quality. Unattractive in shape. Flesh unusually dark red. 
Yielded at rate of 12,342 quarts per acre. 


Uncle Jim.—(Flansburgh & Potter Co., Leslie, Mich.) Perfect. 
Originated by J. F. Dornan, Glenn, Michigan, and introduced in 
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1go1 by Flansburgh & Potter. A chance seedling. Sometimes sold 
as ‘‘ Dornan,’ from the name of the originator. Plants of medium 
number, vigorous, healthy, productive. Leaves very large, attrac- 
tive dark green; leaf stems rather long, medium to slender. Fruit 
stems medium to long, thickish, double, prostrate. Blooms and 
ripens in midseason, picks easily. Calyx medium to large, some- 
times leafy, often discolorerd, variable in position. Seeds sunken. 
Fruit large to medium, retains size well in late pickings, wedge to 
roundish conic, surface furrowed, dull, unattractive light and dark 
scarlet. Flesh medium red, firm, mild, not high in flavor, fair to 
good. General appearance is coarse and unattractive. 


Uncle Joe.—(Jas. Vicks Sons, Rochester, N. Y.) Perfect. 
Plants medium to numerous, vigorous, slightly injured by leaf 
blight, above medium in productiveness. Leaves large, rather dark 
green; leaf stems inclined to long and slender. Fruit stems long, 
rather thick, usually double, medium erect. ‘Blooms and ripens im 
midseason, picks easily. Calyx medium to nearly large, sometimes 
leafy, somewhat discolored, often slightly raised. Seeds sunken. 
Fruit variable in size, ranging from large to medium, wedge shape 
or roundish conic varying to slightly elongated, surface of larger 
berries furrowed, dull, unattractive scarlet, coarse in appearance. 
Flesh light colored, medium juicy, mild, not high in flavor or quality. 
Fruit unattractive in color; flesh characters not desirable. 


Uncle Sam.—(C. E. Whitten, Bridgman, Mich.) Perfect. 
Plants not numerous, of medium vigor, susceptible to attacks of 
leaf blight, produces fair crops. Leaves of medium size and color; 
leaf stems of average length, thick. Fruit stems short to medium, 
usually very thick, branched, semi-erect. Blooms in midseason, 
ripens slightly after midseason, picks easily. Calyx medium to 
nearly large, somewhat leafy, attractive green, slightly depressed. 
Seeds numerous, slightly raised. Fruit large to medium, retains size 
fairly well as season advances, roundish conic, often with pointed 
apex, attractive bright scarlet. Flesh light colored, juicy, medium 
to firm, pleasant flavor, good in.quality. A good shipper. Should 


be set closer than most varieties. Worthy of further testing. 
| 


Velvet.——(M. Crawford Co., Cuyahoga Falls, O.) Imperfect. 
Originated in 1891 by R. C. Cronk, Oregon, Wisconsin, and intro- 
duced about 1898 by F. H. Chapell, of that place. A seedling of 
Jessie crossed with Bubach No. 5. Plants very few in number, 
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lacking in vigor, healthy, productive. Leaves of medium size, light 
green; leaf stems short, slender. Fruit stems short, slender to 
medium, usually double, prostrate. Blooms and ripens in midsea- 
son, does not pick easily. Calyx small to medium, often discolored, 
slightly sunken. Seeds slightly depressed. Fruit nearly large to 
medium, roundish conic, blunt, dull dark scarlet. Flesh good color, 
moderately firm, juicy, not high flavor, fair quality. The berries 
are unattractive in appearance and the plants, as grown on the 
Station grounds, are too weak for commercial purposes. 


Victor.— (M. Crawford Co., Cuyahoga Falls, O.) Perfect. 
Originated in 1893 by D. J. Miller, Millersburg, Ohio. Intro- 
duced in the fall of 1904 by the Crawford Company. Parent- 
age unknown. Plants very few, moderately vigorous, consid- 
erable leaf blight, unproductive. Leaves of medium size, medium 
green; leaf stems short to medium, slender. Fruit stems short, 
thick, usually double, prostrate. Blooms early in midseason, ripens 
slightly past midseason, does not pick easily. Calyx of medium 
size, slightly raised. Seeds raised, numerous. Fruit nearly large 
to medium, drops rapidly in size as the season advances, roundish 
conic, dull dark scarlet. Flesh well colored, firm, juicy, agreeably 
acid, pleasant flavor, quality good. Fruit seedy in appearance and 

runs too small. Surpassed by other varieties. 


Virginia—(W. F. Allen, Salisbury, Md.) Imperfect. Origi- 
nated in Accomac County, Virginia. Introduced by Mr. Allen. 
Said to be a cross between Hoffman and Sharpless. Plants few in 
in number, of medium vigor, healthy, productive. Leaves inclined 
to large, rather dark green; leaf stems medium to long, thickish. 
Fruit stems of average length, thick, often single, prostrate. 
Blooms early in midseason, ripens slightly before midseason, picks 
easily. Calyx variable in size, reflexed, slightly sunken, often with 
pinkish tinge. Seeds deeply depressed. Fruit large to medium, 
dropping in size in later pickings, roundish conic to wedge, bluntly 
pointed and often with depression at apex, light and dark glossy 
scarlet, resembling Hunn. Flesh medium red, of average firm- 
ness, mild, not high in flavor. Surpassed by other varieties. 


Williams.-—(Carlton Fruit Farm, St. Catherines, Ontario, Can- 
ada.) Perfect. Plants few, of medium vigor, healthy, productive. 
Leaves mdium in size, dark green; leaf stems of fair length, some- 
what slender. Fruit stems short to medium, variable in thickness, 
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often double, prostrate. Blooms and ripens late, picks medium 
easily. Calyx of medium size, not leafy, pale green, flat. Seeds 
raised. Fruit large to medium, dropping to smiall as the season 
advances, blunt, roundish conic, medium dark scarlet, slightly duli. 
Fiesh dark red, firm, agreeably acid, pleasant flavor, good to very 
gcod. Fruit is more attractive early in season than later. 


Worlds Wonder.—( Woodlawn Nurseries, Rochester, N. Y.) 
Imperfect. Originated by R. G. Parsons, Maryland. Plants 
moderately numerous, vigorous, susceptible to attacks of leaf 
blight, very productive. Leaves rather large, medium green; leaf 
stems long, quite thick. Fruit stems short, of average thickness, 
o.ten single, prostrate. Blooms and ripens in midseason. Calyx 
rather large and leafy, sunken, slightly discolored. Seeds slightly 
depressed. [fruit averages above medium in size, blunt wedge, sur- 
face often irregularly furrowed, attractive scarlet. Flesh light 
color, firm, decidedly acid, pleasant flavor, good quality. Although 
the fruit is of good shape and excellent color, the berries run too 
eniill, especially toward the close of the season, pick only mod- 
erately easily and the acid flesh would be undesirable to many 
palates. 


Be WPEinkY pCULLURAT DIRECTIONS. 


Soil. Strawberries do well on a wide range of soils. It is 
usually possible to find some varieties which will thrive on almost 
any soil. The majority of growers prefer a light, warm, moist, 
sandy loam in preference to a cold, heavy clay. The ground should 
be well drained. A southern exposure on a rich, sandy loam favors 
early crops. A northern exposure on a heavier soil retards the 
time of ripening. 

Preparation of ground.— Weedy soils are expensive. Under 
such conditions hoed crops should be grown for one or two years, 
keeping the land free from weeds. Strawberries after clover is 
desirable. Sod soils should be avoided on account of danger of 
injury from work of the larve or grubs of the common May beetles 
which lay their eggs in sod ground. The land may be plowed 
either in fall or spring. Heavy applications of stable manure or 
leguminous cover crops plowed under are beneficial on account of 
their value as plant food and in absorbing and retaining moisture. 
The ordinary preparation of land for corn or oats is not suf- 


17 
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ficient. The soil should be made fine and mellow by thorough 
cultivation. 

lertiligers—Available plant food should be present to meet the 
requirements of the plants. Congenial surroundings with plenty 
to eat and drink are plant essentials. Heavy applications of well- 
rotted stable manure and the plowing under of leguminous cover 
crops, as already indicated, are beneficial The weed seeds from 
the compost heap may cause trouble at times. Additional applica- 
tions of plant food in the form of commercial fertilizers may be 
necessary. The kind and amount to use depend on the need of 
t.e <ou. This may be entirely different in different localities or 
even on apparently similar soils in the same locality. The lack 
may be in nitrogen, potash or phosphoric acid. Applications of 
nitrogen in the form of nitrate of soda at the rate of from one 
hundred to two hundred pounds per acre, or dried blood at the 
rate of two hundred to four hundred pounds per acre, will stimulate 
erowth. A lack of potash may be supplied by using wood ashes 
at the rate of two thousand pounds per acre, or by applications of 
muriate of potash at the rate of about five hundred pounds per 
acre. Phosphoric acid may be supplied in the form of acid phos- 
phate using six hundred to seven hundred pounds per acre. 
Various other fertilizers might be named. If the soil is naturally 
well supplied with available potash or phosphoric acid nothing will 
be gained by additional applications. The aim shold be to find the 
actual needs of the particular soil. To this end it is desirable to 
make tests of different fertilizers leaving check rows for com- 
parison. The fertilizers shouid be applied at the beginning of the 
growing season rather than in late fall. Applications the second 
spring may at times be beneficial. 

Selection of varieties—- Under different environments the same 
variety may be most profitable or become worthless. Its adaptation 
should be determined before an extensive use in the commercial 
plantation, This may be determined by a test of a few plants. The 
newer, most promising kinds should be tested and the local value 
determined before setting them in the main plantation, and only 
those varieties should be finally selected that make the best record 
locally and which meet the requirements of the market to be 
supplied. 

Sex of plants —Some attention must be given to the sex of the 
plants. Those varieties producing no pollen (imperfect) should 
alternate with the kinds producing pollen (perfect). If only those 
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varieties which are imperfect, 7. ¢., in which the blossoms contain no 
stamens in addition to the pistils, such as Cardinal, Columbia, Mark 
Hanna, Nettie, President, etc., be planted the result is usually a 
failure. Non-fertilization or incomplete fertilization is usually in- 





PERFECT FLOWER. IMPERFECT, OR PISTILLATE, FLOWER. 


dicated by an abundance of nubbins, berries with hard greenish 
undeveloped apex. Heavy and continuous rains, unusually cool 
temperatures, or the absence of pollen-distributing insects at blos- 
soning time, may, however, greatly decrease the setting of fruit of 
even those varieties most prolific in pollen bearing. These two 
classes should not be set in the same row, but from one to three 
rows of imperfect varieties may alternate with from one to three 
rows of perfect varieties. The kind of pollen does not appear to 
influence the character of the fruit. The berries of Senator Dun- 
lap, for instance, always seem the same in size, color, shape and 
flavor, no matter whether the pollen be supplied from Chesapeake, 
Fairfield, Marshall, or Joe, which differ widely. 

Selection of plants.— Plants in old beds are usually weakened 
in vitality and often more or less diseased. The best ones obtain- 
able should be used. ‘These as a rule may be found in well-cared- 
for yearling beds which have not yet fruited. Systematic selection 
intelligently followed for a series of years should result in an im- 
proved strain. If the so-called “ pedigree” plants are superior to 
others it is because of this practice of intelligent, long-continued 
selection along desired lines of improvement. 

Distance apart of plants—-It is a common occurrence to see 
plants crowded closely together in the row. A certain amount of 
moisture is essential to good size and yield. This cannot be secured 
under such crowded conditions. The distance apart of the rows 
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and of the plants in the row should vary somewhat, depending on 
the natural richness of the soil and on the ability of the variety to 
make runners. Those producing the largest number of plants, such 
as Mark Hanna, Ridgeway, Senator Dunlap, etc., may be set as 
far apart as four by two and one-half or three feet while the kinds 


making but few plants may be set three feet by eighteen inches, 
or even closer, an average distance for many varieties being three 


by two feet. 


Time of setting the plants— Periods of drought usually occur 
during the fall months and when plants are set under such condi- 


tions there may be considerable loss. It is difficult for the plants to 
make a satisfactory growth until the drought is broken, which 
period is often delayed until late in the season, leaving but a short 
time for growth before checked by cold weather. Fall set plants 
require winter protection and the usual cultural care during the 
ensuing summer followed by a second winter’s protection before a 
full crop may be secured. In order to shorten the time from plant- 


ing to fruitage and at the same time to secure better weather and 
soil conditions, it is the practice among the majority of growers to 
set early in the spring as soon as the soil and plants are in good con- 
dition for this work. ‘The transplanting season, however, may ex- 
tend through a long period beginning early in April and extending 
well through May. Plants obtained by rooting the first runners in 
sirall pots are sometimes set in early fall, but these are usually too 
expensive. 

Summer treatment.— The work of cultivation should begin as 
soon as the plants are set and the soil should be thoroughly stirred 
about the plants as occasion requires, encouraging a steady normal 
growth throughout the season. Fruitage lessens plant growth. The 
blossom clusters should therefore be removed as soon as they ap- 
pear in order to obtain stronger parent plants from which the 
runners are to develop. The first runners should be encouraged 
to root as scon as possible to give a long season for the young 
plants to develop in size and maturity. They should not become 
crowded. Some growers make a practice of removing some of 
these latter plants. 

Winter treatment.— Repeated freezing and thawing weaken the 
plants and often greatly reduce the yield of fruit. To secure best 
results winter protection should be given. The most desirable cov- 
ering in one which is free from weed seeds, spreads evenly, is not 
blown off by heavy winds and does not smother the plants. Vari- 
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ous materials, however, may be used for this purpose, such as 
straw or rough refuse, coarse stable manure, marsh hay, etc. A 
light coating is desired as it is only necessary to cover the plants 
out of sight, an inch or so being much better than three or four 
inches. 

Spring treatment.—The mulching should be left over the plants 
as long as possible in spring to retain the frost, thus retarding the 
starting of the plants. As warm weather approaches, however, it 
may be necessary to shake up the covering to prevent the plants 
from smothering. Some of this material may be removed from 
over the plants and placed between the rows. No further treat- 
ment is generally necessary except to hand pull the larger weeds. 
Under some conditions, however, it may be necessary to remove 
the mulch and give thorough cultivation, replacing it before the 
berries ripen to conserve moisture and to keep the berries clean. 

It is usually not considered a profitable undertaking to spray 
the foliage for fungus troubles, but where leaf blight is serious, 
it may be kept in check by applications of bordeaux mixture. 
The spraying should be made early in the season and should not 
be applied while the plants are in bloom, nor so late that the bor- 
deaux shows on the fruit. Good air and soil drainage are aids in 
reducing the amount of injury. 

Renewing old beds.—It is generally more satisfactory to set new 
beds each year than to continue the old ones. But if the plants are 
numerous, vigorous and healthy, and the ground not too weedy, 
they may he left for a second crop. Some successful growers har- 
vest two and even three profitable crops of fruit before making a 
change. ‘The berries ripen earlier on old beds than on one year 
beds. The ground which has become hard and compact from the 
tread of the pickers should be thoroughly broken up and the rows 
of plants cut back to narrow strips as soon as the fruiting season 
is over, giving thorough cultivation and fertilization as appears 
necessary. 

Conclusion.—It must be kept in mind that the suggestions given 
above are not specific directions. The actual details vary widely 
in different places. These must be worked out by each grower 
under his own particular set of conditions. The different subjects 
have been treated in a general way giving briefly some indication 
of the methods pursued by a large number of successful growers. 


INSPECTION WORK. 


INSPECTION OF FEEDING STUFEFS.* 


(The analysis reported in these Bulletins cease to have value long 
before they would be reprinted in this Report; and are, therefore, 
omitted. Some comments on results of feeding stuffs inspection will 
be found in the Director’s report (pages 14, 15 of this volume.—W, 
H. Jorpan, Director.) 


REPORT OF ANALYSIS OF SAMPLES OF FERTIL- 
IZERS COLLECTED BY THE COMMISSIONER 
OF AGRICULTURE DURING 1908.t 


(See note above—W. H. Jorpan, Director.) 


*Printed as Bulletin No. 303. 
7*Printed as Bulletin No. 304. 
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METEOROLOGICAL RECORDS OF THE 


YEARLY MAXIMUM AND MINIMUM ‘TEMPERATURES FROM 


INCLUSIVE. 


1883 TO 


(Highest and Lowest Record for Each Month in Heavy Type.) 


1908 








MAXIMUM FOR EACH YEAR. 
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Ueto: tt Negi MLTR ial PA oe ei Ate: JOE haere 95 
TSS 5 sc tN ae ee Mehr oe Valve Sis ee ee 90.5 
LS SG eae a ceek tates res es 1 ee eae BR eS lie ae ae 95 
LSS Teal, aes Pir tere Fail ye Poe 8 chaces Ce 95.5 
LSOS oaennka She thoes unes 2a a ee ee 94.1 
Teeter eet 5 ot seer iene rn eer I a ht ele aa DSi 91.8 
SOO oR a, beet Biman ieee ened Ast Starts een lite ert Poe 96.2 
Tho eats ee Se eee FUNC LG se eee 95 
S02 Seater, ai ers tee ee Re oe ABER MMe AS fe RNR tote hs 96.3 
1893 Mectcabe ae see Re Ie iPaby A 2G. wees oe eae 95.5 
AS OA ew, Bh pee 200 Peet, ae lige oer ore eee 97 
SOG ee ca eee cere pl Kei 6 (cutkis Fame atin eters trie 96 
A SOBRE SEM whe Ge aad Attic. = 6.and fa ee. 96 
LSOT cs Me eae bie: SE pitici billing eaoariare es eae 98 
LOS ear sect See Jalna Ve eee 96.5 
LS99 mie ae es July 4and Aug. 20 97.5 
TOOO Se id ee cle wn PS: a 1 eee a ce 97 
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DE Dials tach teak ire 90 
1903 20558, Sekt cee Jatlivan Oh eee 94 
Tt GO4 Bie Mie Ait hed 6 al cal Sie Qe ee eae Aree 93 
E90 De Me, ia Shee ee ee Aniprs Da aiee oeee ees: 93 
LOO GAS red © ee Ae eee eet a Fics oem ern eee ets eke 93 
190 f ee Re ere ee Pore bs «pte ait 96.5 
LOGOS Metre at ce tr etn Bvt ln Neen, Gist sect 95. 








MINIMUM FOR EACH YEAR, 
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Data from record kept by Mr. Edgar Parker; Station record not available. 
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